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PREFACE 

rpHE foundations of knowledge are only socurely laid when 
"^ habits of obfloryation have been cultiyated. The inqniries 
young persons frequently make are prompted by what may 
be considered instinct, and are generally suggested by that 
which is seen or handled. Hence parents and teachers, as 
far as practicable, answer with much care and patience these 
early thirstings after knowledge. To supply information in 
a form which it is hoped may be intelligible and interesting 
to all parties concerned in thus learning to read the ever- 
open book of nature, the following pages are issued. They 
are based upon a First Book of Chemistry, by Dr. Wor- 
thington Hooker, published in America, and are intended to 
convey information in respect to changes which are likely 
to attract the attention of young persons who observe and 
inquire. The book professes to be only an introductory one : 
this however may be quite consistent with an interesting 
and accurate one. It may amply satisfy some readers — it 
may be an incentive to further inquiries and deeper research 
with others. If in any case it proves acceptable, and con- 
veys such elementary knowledge as must precede higher 
studies, it will thus subserve one important purpose in its 
publication. 



PREFACE TO THE SECOND EDITION. 

/COMMUNICATIONS received from many who read the 
first edition expressed a hope that if a future edition were 
issued, certain alterations might be made, which would render 
the volume as well suited for educational as it was for domestic 
use. The suggestion has been adopted, and Mr. Walter T. 
Goolden, late Scholar of Merton College, Oxford, has contributed 
most materially to such chang.es in this edition as seemed 
likely to make the book acceptable where, in its original form, 
it was not expected to be introduced. 

March, 1875. 



PREFACE TO THE THIRD EDITION 

fN this edition many corrections have been made and some 
few additions, which it is hoped will make the book more 
useful to teachers. The Editor has not thought it desirable to 
introduce Chemical Symbols, or add anything to the text which 
will alter its strictly elementary character. 

W. T. G. 

TONBBIDGE, 1883. 
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CHAPTER L 
nrrBODUCTiox. 

As you are about to learn something of the science of chemistry 
.in this book, you are doubtless anxious to understand in a 
general way what that science treats of, before entering more 
particularly upon the detail ; to get a rough idea at any rate of 
the aim and object of the chemist, which you too, as a studeilt 
of chemistry, must keep in view as you proceed onward. 

We look around and see that the world is made up of a 
niunber of substances which differ from one another in very 
many ways. It is the province of the chemist to study one 
particular kind of difference which exists between bodies, which 
perhaps you will best understand if you have a special example 
given as an illustration or sample of the whole class. 

When a chemist examines a piece of chalk, for instance, he 
finds that it is not, as might be supposed, simply a piece of 
chalk and nothing else, but that he can obtain from it three 
otiier substances very unlike one another indeed. . One is a 
gas which also forms part of the air we breathe ; another is 
carbon or charcoal, and the third substance is a metal. Thus 
we see that a light gas, black charcoal, and a metal, can be 
extracted from white chalk, at first sight a very unlikely cir- 
cumstance. Secondly, he finds that these three bodies are 
simple in themselves and cannot be broken up further, and he 
therefore calls them elements. Thirdly, he finds that by certain 
contrivances he can reunite these three bodies and form a sub- 
stance identical with the chalk from which they were extracted. 
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Fig.l. 



Again, water in found to be composed of two gaseo, one the 
same that is in chalk, the other a gas sometimes used for filling 
balloons ; these two gases nnite to form water in every flame 
that bnros, except in those of sulphur, phosphorus, carbonic 

oxide and one or two other sub- 
stances. The water that is formed 
is not ordinarily visible, because it 
passes off into the air as gas, but 
that it is really formed can be de- 
monstrated in various ways. For 
instance, if a cold spoon, or a 
metal cup containing ice and salt, 
as shown in Fig. 1, be held over 
a candle or gas flame, water as it 
passes off is condensed^ that is, reduced from the gaseous to the 
liquid state, and gathers in drops upon the under side of the 
metal, even though soot may be deposited at the same time by 
the flame. 




Fig. 2. 



You may often notice too 
that when a bright kettle 
of cold water is placed 
over a gas flame, the out- 
side of the kettle is covered 
with dew, which sometimes 
gathers in sufficient quan- 
tities to trickle down off 
the sides. This water is 
formed by the union of these 
two gases. 

Fig. 2 illustrates this 
fact in another way. A 
candle is burnt under a glass shade set upon a plate, the 
glass being prevented from actually touching the plate by some 
pieces of wood that support it, so that fresh air may get in 
under the edge of the glass to replace some of the burnt air. 
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If this experiment be conducted in a cold room, water will be 
deposited on the sides of the glass and run down into the plate. 

If yon think over it, yon will acknowledge this to be an un- 
expected and most interesting £ftct, namely, that water is formed 
when a flame is burning, especially when you consider that 
in order to put out a firewater is thrown orer it; bntncTerthe- 
less it is a truth, and you have seen how it may be demoi^ 
strated or shown to be so. 

The extraction from chalk of the elements that compose it is 
called decomponng the chalk; and on the other hand, when 
water is formed by the two gases, the two gases are said to 
combine to form water. 

It is the especial proyince of Chemistry to consider the 
combinations of elementary bodies that form the various sub- 
stances of which the world is composed, and the decomposi- 
tions of compound bodies. It is really a science full of 
interest, which will increase as your knowledge of the subject 
increases. Chemistry tells what part of the air is essential 
to life, how it is continually becoming a part of our bodies, 
and how some part of our bodies is all the while turning into 
gas, and passing off all around. 

Chemistry teaches us why fires bum brightly, what it is 
that makes bread rise, and how the bread nourishes our 
bodies; how soaps are made, why they cleanse clothes and 
other things, and also how paints and dyes are mixed and 
employed. 

Many common things become most deeply interesting when 
they are looked at with the aid of Chemical Science. A most 
distinguished chemist (the late Michael Faraday) delivered 
six lectures to a young audience in London on the '^ Chemical 
History of a Candle,'' and they have been published, making 
a book of more than two hundred pages. 

In this book experiments are deseribed, many of which you 
will be able to repeat for yourselves with bottles and tubes 
that cost very little money, and by exercising a little contriv- 
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ance you can try many of them with what is already at your 
own homes. 

But you need not do even this to be interested in Ohemistry, 
because there are things that illustrate the subject con- 
tinually happening before you. There are experiments, so to 
say, going on not only around, but within you ; and you have 
only to look and chemical action will be noticed everywhere 
about you. 
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Ih the last chapter you were told that water was oomposed of 
two gases. One of these bodies has received its nain^ from 
this circnmstance, and is called Hydrogen, a word which means 
'* water-maker." The other is oilled Oxygen, a word which 
signifies ''acid-maker," because those who first discovered it 
thought that those bodies which are called acids, of which you 
will learn more presently, necessarily contained oxygen as one 
of their component parts. 

Hydrogen is the lightest of all known substances. A bulk 
of air weighs more than fourteen times as much as an equal 
bulk of hydrogen; while gold, which is one of the heaviest 
substances known, is nearly two hundred and thirty thousand 
times as heavy as hydrogen. 

A balloon will rise into the air when the weight of the gas 
inside, added to that of the bag and of the car with its con- 
tents, is less than the weight of air which would occupy the 
space taken up by them altogether ; so that hydrogen is a very 
good substance for filling balloons and makes them rise very 
swifUy into the air. 

Hydrogen is a colourless gas, like the air we breathe. 
There are many other gases, which, like hydrogen and air, are 
colourless and transparent, that is, can be seen through like 
dear glass. The gas we bum is different from either hydrogen 
or air, although it contains hydrogen in combination with other 
substances. Oil or tallow is changed into gas before it bums, 
the flame being burning gas. When wood or coal is bumt, all 
except the ash^ that are left passes into the air, and generally 
manifests itself by a flame. 



6 



CBEUI8TRT. 



Fig. 3. 




Hydrogen bnniB in air with a tami flame, giying little light, 
but very great heat, and in doing so forms water by com- 
bining with oxygen, which is in the air. 

When hydrogen is burned in oxygen water is formed by the 
combination of the hydrogen with the oxygen. Not an atom of 
either is lost, the atoms merely go into a new condition, nniting 
to form a liqnid. In doing this, the bulk of both is made much 

smaller; what we call steam or 
vapour is first formed, and as 
this cools, dew appears in little 
drops; these drops collect together, 
and then water, as we usually see 
it, begins to gather. 

There are many ways in which 
you can see that water is formed 
b^ the burning of hydrogen in air. 
One is represented in Fig. 8. This 
figure you have seen before in the first chapter, page 2, and 
the experiment was then partly explained ; you are now prepared 
p. ^ to understand a farther explanation. Hydrogen 
and a body called carbon are combined in tallow or 
gas. It is remarkable thai this lightest of all gases 
helps to form solid substances. As melted tallow 
goes up the wick, air brings oxygen to it all around, 
and heat makes this oxygen unite with both carbon 
and hydrogen in the tallow or gas. If under a jar, 
inverted' as the jar or receiver marked H is, in Fig. 4, 
a lighted candle be placed, then by the uni<m of 
oxygen with the carbon a gas is formed, which, 
being colourless and transparent, you cannot see. 
although it is really in the jar. Uniting with the 
hydrogen, oxygen forms water, which also goes up 
in vapour with the other gas, and so also you are 
unable to see it. But the inside of the glass being cool, the 
vapour soon collects upon it, and makes it dim, until after 
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ft litQe time tliere is enongh water to foim drops which trickle 
down. 

In Fig. 6 yon have an eiperimeat, in which hjdrc^en ia 
bnmed alone without carbon. The materiala for making hj-dro- 
gen are contained in the bottle which jon see, and the gaa as it 




forme passes out along the tube, in which is placed a eubstance 
for drying the gaa bufore it reaches the jet where it is bnmed. 
The vaponr, formed by the union of the hydrogen witb the 
o^gen of the air, is condensed on the sides of the receiver A, 
and runs down on to the plate. 

If yon take a piece of polished metal, such as a spoon or 
knife blade, and hold it for a few seconds over a candle or 
small gas flame, it will be dimmed by the vaponr formed, as you 
have boon told on page 2, Where many gas-lights are burning 
inside a room, water formed in this manner trickles down the 
window-panes. If H, in Fig. 4, be considered as a room, then 
water caused by the flame will soon form on the glass. 

It is now time for you to learn how hydrogen may be ob- 
tained. Sulphuric acid is a body containing hydrogen in com- 
bination with Bulphnr and oxygen, and if this body be bronght 
in contact with zino, a reaction, as chemists call it, oocnrs. 
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Fig. 6. 



Tke zino takes the place of the hydrogen, forming ft new com« 
pound, sulphate of zinc, and the hydrogen of the acid is set 
free. « Into a bottle or retort, therefore, we place some pieces of 
zinc, some water, and some sulphuric acid, and into the neck we 
put a cork with a glass tube in it The gas bubbles up through 
the liquid, carrying the air that is in the vessel along with it, 
and soon, when all the air is driven out, escapes alone, and 
can be lighted, just as ordinary gas issuing from a gas-burner. 

The water is introduced partly in order to mode- 
rate the violence of the action, by diluting the 
acid, BO that it may be more gradually brought in 
contact with the zinc. In Fig. 6 is represented 
this apparatus, which is ofben called the '< philo- 
sopher's candle." In making the gas in this 
way, great caution is required not to hold a 
light to the tube before all the air is driven 
out, for a mixture of hydrogen with common air 
explodes like gunpowder, and there is danger of 
the bottle being broken in pieces. 

The flame of hydrogen is of a very pale blue 
colour ; giving out so little light that in bright 
daylight you may not be able to see it at all, 
but possessing great heating power, as may be 
shown by introducing into the flame a piece of flne wire, which 
will very soon become red hot ; you may hence infer that there 
may be great heat where there is very little light. 

Another way of producing hydrogen depends on the rapidity 
with which oxygen, the other component of water, combines 
with iron. The apparatus is represented in Fig. 7. 

You see a furnace with an iron pipe like a gimbarrel running 
through it. Into this pipe are put flne scrapings of iron or 
bits of needles. At one end is another pipe from a retort con- 
taining water, and the water is heated by a gas flame or spirit 
lamp. At the other end is a tube with its open end under some 
water in a large basin or trough. As the water boils, steam. 
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wbicli is only water in a finely divided state, paaseB throngh the 
iron pipe in the fnmaoe. As it passes among the bits of itcai, 
the oxygen of the water, in consequence of the heat, oombiiies 

K(t.7. 




vith the iron, forming an oxide of iron or rust- In doing so it 
parts company with the hydrogen, which, therefore, goes on 
alone through the other end of the pipe, and bubbles up through 
tbe water. There is over the end of the pipe a glass vessel 
called a receiver — a wide - mouthed bottle with its open end 
downwarda answers very well. This reoeiver is filled with 
water by being completely immersed in the large basin, and 
then turned month downwards and partly raised out of the 
water. The mouth of the receiver is then placed over the end 
of the pipe, and the babbles of gas, beii^ lighter than water, 
riso op aCil take the place of tbe water, until the receiver is 
quite full ot hydrogen gas. 

The basin is called a pnentaatie trough. It ooatains a shelf, 
a little under the water, on which receivers may stand j and 
sometimes tbe shelf bas an opening in it, bo that the gas may 
bo discharged through it into a reoeiver placed over the bole, 
to save the trouble of holding tbe reoeiver in the hand over 
the eud of the discharge pipe. 

A jar of gas is easily taken &om tbe vessel when wanted for 
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ezperunent. Tour own ingeuoity may contrive Beveral ways. 
One is to slip a small plate or piece of window-glass under 
tlie mouth of the jar before it ie remoTod. It may then be 
taken from the trough of water, and placed on a table for 



If the reouver be plaoed month apwards on a table and the 
glasa plate removod, the gae will instantly rise into the air, 
ainoe hydrogen is bo much lighter than air ; for the same 
reosoQ, if the receiver be held month downwards, its contents will 
not eaoape for some time even thongh the plate be taken away. 

If the receiver, held moath downward, ia giadtuUy turned 
upright, the hydrogen will ponr from it in an upward stream, 
exactly in the same way as water would ponr in a dfwnuard 
stream &cmi a vessel held in the contrary position, the hydrogen 
being lighter, the water heavier, than air. And jnat aa we 
catch the downpouring water in another receiver placed mouth- 
wpward, BO we catch the npstreaming hydrogen in a receiver 
placed mo^h-dovmaard. Fig. 8 represents this, which is often 
called the upward decai\iaium of hydrogen. 

Fig. S 




If a light be applied to the receiver, it will be seen Qmt 
hydrogen btime difierently, according to the way in which 
the jar is held. If held with the month upwards, the gas. 



rapidly rismg w it bnmB, bnrBts with & htxga flame, as seen 
in Fig. 9, and nnder some ciroDmstancea attended with a 
Pig. 9. Fig, 10. 




sharp report. Bat, if held with the month downward, the 
gaa bnnu Tory quietly, as seen in Fig. 10, and at the eame time 
the light, if poshed np into the jar, ia itself estiDgaiBhed 
The gaa does not come out freely, be- pj~ jj 

canse, being lighter than air, it tends 
upwards and not downwards. As hy- 
drogen is so l^ht, it has a very onrions 
effect npon sonnds, making them dnll and 
weak. If what is called the sqneaking 
toy is made to ntter its voice in a jar of 
hydrogen the sound will be &int ; and 
if hydrogen is breathed into the Inngs 
the Toioe becomes weak, hollow, and nn- 
earthly. By placing a glass tnbe over a 
jet of boming hydrogen, as reprraented 
in Fig. 11, mnsical sotmds can be pro- 
daced, which vary with the length and 
size of the tnbe. An amusing variety 
of sonnds can be produced by nsing 
different tabes, and raising or lowering { 
them while the flame is singing. 




CHAPTER III. 



Wb now come to speak abont the other component of water 
besides hydrogen, namely Oxygen, a substance whose name yon 
were told in the last chapter means " acid-maker/' though, as 
you will learn further on, (here are a great many acids which 
do not contain oxygen at all. 

This gas oxygen is one of the most important substances to 
the life of man of all those found on the earth's surface. 
Indeed, yon could not have done without it at any moment 
since you were bom. Every time you breathe, some of it is 
taken into the lungs, and if the air did not contain oxygen, yon 
would die just as quickly as you would under water. 

Oxygen is nourishment to the body. Though it does not, 
like other food, go into the stomach, it passes into the lungs, 
and is quite as necessary to the support of life as the food we 
swallow ; in one sense it is more so, for we may live for days 
without food being put into the stomach, but lung-food must 
be taken in every minute. Absorbed by the lungs, oxygen is 
a most important constituent of the blood that runs in the 
arteries and veins, and assists in making the solid parts of the 
body — bones, muscles, skin, &c. 

Besides the important part which it plays in the sustenance 
of animal life, oxygen forms a considerable portion of the world 
around us. As you know, water consists in a very great mea- 
sure of oxygen, and the ground beneath our feet and even s^lid 
rocks are formed partly of this substance. 

It may seem strange that gas can make part of such solids as 
flesh and bone ; but in winter a liquid becomes a solid, when 
water freezes into ice ; and this same water is always present 



in the atmospbere aa a gaa, altbonglt, being so thin uid tnn»- 
parent, it can no more be Been than the otber gases in tbe air. 
Water then esietB in the tbree states of a solid, a liquid, and 
a gas ; and oxygen too in tho bones is a solid, in tbo blood 
and in water is a liqnid, and in the air is a gas. 

Oxygen gas can be separated &om stnne of the anbstanoes 
with wbiob it is united, and so be obtained by itself. Cbemists 
oonunonly use for this purpose a crystalline sobatanoe called 
oblorate of potassium, a name which you will better understand 
when yon have read more of this booh. This Bnbstance is 
reduced to a state of powd^, and mixed with dioxide of 
manganese, a black powder which also contains oxygen ; it is 
then placed in a retort and heated gently, as represented in 
Fig. 12. Heat causes the oxygen to separate from the crystals. 

Pig. 12. 




and, passing over through a tube fixed to the month of the 
retort, it oan be collected in a reoeiTer placed in a pnenmatio 
trongh, just in the same way that hydrogen was collected, in 
the previous chapter. Tho receiver may then he removed and 
the contents examined. 
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Fig. 14. 




First of all we find that oxygen doee not bum in air ; bnt if 
a lighted taper fixed to a piece of wire bent as shown in Fig. 18 
is held in a jar of oxygen, as in Fig. 14, it will bam with 

dazzling brightness, and be rapidly con- 
sumed. You will understand the reason 
for this when you remember what you 
were told in the last chapter about a 
burning candle or taper. It is the 
oxygen of the air that makes the taper 
bum at all, so you see that the more 
oxygen the taper gets the brighter and 
the faster it bums. Now only about 
one fifth of the air is oxygen, and so 
the taper in the jar will bum about 
five times as brightly and as fast as in 
common air. 

Some substances which do not bum brightly or with flame in 
common air may become bright and flaming in oxygen gas. 
Charcoal, burning in an ordinary fireplace, appears of a dull rod 
heat, with no life in it — ^neither sparks nor flame ; but if a piece 
of this dull charcoal be put into oxygen, it will have a supply 
of gas five times as abundant as before, and consequently the 
activity of the combustion is increased ; this is manifested by 
the great number of bright sparks thrown all around and by the 
rapid consumption of the piece of charcoal. 

There is no substance that makes so brilliant a light "when 
burning in oxygen as phosphorus, which sends out a very thick 
white smoke most brilliantly illuminated. 

If sulphur be burned in oxygen gas, the smoke has a most 
beautiful blue colour, and arranges itself in a very singular 
way, going up straight in the middle of the jar, and then 
BeJling in curious rings down the sides. The gas which is 
formed by the combination of sulphur with oxygen in this com- 
bustion is called sulphurous anhydride. 

The mode in which you may arrange a taper, or charcoal, or 
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phoaphorofi, or snlpbni fbr bnnung in oxygen, is sbowu in 
Figs. 16 and 16. A glaae jar is first filled with oxygen in 
the way shown in Fig. 12, page IS, and the snbstanoe to be 
bnmed is placed at the end of a wire which is held up by 



Fig. 15. 



Fig. 16. 







Fig. 17. 



being passed tbrongb a piece of card, as seen in Fig. 16 ; 07 a 
bell glass may be placed over the snbetance as in Fig. 15. 

There are some snbatanees which most people think cannot 
bom at all, yet they do bom Tery readily in pnre oxygen, ' Iron 
is one of these. If yon take a piece «f 
fine iron or steel wire, and twist it as 
you see in Fig. 17, a splendid fire can be 
made with it in oxygen. As yon cannot 
set it on fire in air, and then introduce 
it into the oxygen as is done with 
phoaphoms, snlpbnr, &c, you must dip 
the end of the wire in snlphnr, or fosten 
to it a piece of charcoal, or something 
that will bum in common air, and light f 
that. If it is then introdnoed into the 
oxygen, the burning substance on the end of the wire sets fire 
to the wire itself, which if it be of steel sends out ahoners of 
sparks in all directions. The sparks are due to the presence of 
carbon in steel (see page 97), but if the wire be made of pure 
iron, it will bum away with a quiet glow. 




CHAPTEE IV. 

NITROGEN. 

BxsiDXS oxygen, the chief constituent of common air is a gas 
called Nitrogen, so named because it also forms an essential 
part of a substance known as nitre ; in five gallons of air, about 
four gallons are nitrogen. 

Nitrogen differs from hydrogen and oxygen chiefly in possess- 
ing no active properties at all. For instance, nothing will 
bum in nitrogen, neither will nitrogen bum in air ; although it 
does not act as a direct poison, nitrogen is quite incapable of 
supporting animal life when breathed. Now you will remember 
that hydrogen bums in air; oxygen, although it does not 
burn, supports the combustion of other bodies, and is essential 
to aiiimal life as lung-food ; so you see then that nitrogen is 
distinguished easily from them, by possessing none of those 
properties. 

Although animals cannot live if they breathe only pure nitro- 
gen, yet this gas enters very largely into the composition of the 
flesh of all of them, and a supply of it in a proper form is 
necessary for the maintenance of life. It does not enter into 
the composition of them through the air they breathe, but 
through the food they eat ; nitrogen forming a large part of the 
vegetable substances that are used for food, thus becoming part 
of the flesh of animals. In a later chapter you will have an 
opportunity of learning more on this subject. 

Nitrogen does not act as a poison to an animal, for there is 
going into the lungs of all living creatures four times as much 
nitrogen as oxygen. 

Although, as you now know, nitrogen will not make anything 
bum nor keep animals alive when it is breathed, nevertheless 
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the presence of this gas in the Atmosphere is most nsefnl, both 
for the proper regulation of bomiiig fires, and for the dne ani^ly 
of oxygen to the longs. Nitrogen d&uie* the air, and renders 
the action of the oxygen leas energetic, jnat in the same way that 
water added to wifie or (ipirits renders them less strong as 
drinks. Yod remember how br^btly bodies bnm in pore 
oxygen, and so yoa may onderstand tliat were it not for the 
presence of nitrogen, onr fires would bnm too iast, and not only 
the coal, bnt the iron of the grates would bnrii, and onr houses 
too, in many instanoes ; and in the same way our Inngs wonld 
get oxygen a great deal too fast, and we should be conslaotly as 
Lot as we are after violent exerdse. We should have the greatest 
difficulty in keeping onrselves cool ; we should be troubled much 
more by inflammation and fever, and thus onr lires wonld be 
much shorter than they are at present. So yon see, nitrogen 
is not without its use, inactive and dnll thongh it be. 

Though nitrogen by itself has no active properties, yet 
in combination it helps 
very often to form power- 
ful and enei^etio bodies. 
For instance, nitric add, 
liartebom, and pmssic 
ftcid, each contains nitro- 
gen, and is a body which 
has very strong properties, 
and is a violent' poison. 
Ton can get nitrogen from J j 
the air by a very pretty ex- 
periment, which oonaiata 

in getting rid of the oxygen by making it combine with another 
body, and dissolving the prodnct in water. 

A little place is hollowed ont on a fiat piece of cork and 
some chalk sprinkled into it ; into the hollow is put a piece of 
phospborDA, and tlie cork is floated in a basin or trough of water 
(Pig. 18). The phosphoms is lighted, by touching it with a 
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hot irire, iksd a good-sised glass jar is inTerted oTer it so that 
the odge of the jar toaohes the water. If the jar hcJdB a pint, 
a pieoo of phosphorus abont the size of a pea will bo needed. 
Great caution is required in handling the phosphorus, as it takes 
fire very ea«]y. Watoh the eq>eriment, and you will notice that 
the phosphome barns more and more dimly, and at last dies oat 
before it is all oonsnmed, and at the same time the water rises 
in the jar; the dense white fumes at first formed gradually dis- 
appear as they ue dissolved by the water. The explanation 
of all this is, that the {^oephoms in boming unites with Ute 
(i^gen, and continues boming as long as tiiere is any oxygen 
loft with whioh to combine ; it then goes oat ; the white smoke 
fonned is a body known as phosfdtoric anhydride, which dis- 
solving in the water, forms phosphorio 
■* ''■ acid ; and nitrogen only is left in the 

If you wish to know osactly how maeh 
oxygen can be taken away from the air, 
yoa must modify the experiment in the 
following way. Instead of neing a water 
trough, you must obo a basin containing 
quicksilv^, or, as it is generally called, 
mercury, and instead of the glass jar, ose a 
test tobe. Then, instead of bumiDg phos- 
phorus, make a pellet of tow and soak it in 
a solntion of pyrogallate of potaedum, and 
' cover it with the test tiihe. All the oxygen 
will be gradually absorbed by the pellet, 
and the mercury will rise iu the tube, as in Fig. 19, and yon 
can then measnre more accurately the proportion of nitrogen 
left after the experiment is over. 




OHAPTEB V. 

CABBON. 

Thus &r we have been stndying some of the properties of tbe 
gases which constitute water and air, namely, hydrogen, oxygen, 
and nitrogen; now we come to the consideration of another 
element which is not a gas, bat a solid. Carbon, howeyer, 
forms gaseous combinations with each of the former bodies, and, 
therefore, may be said sometimes to exist as a gas. It ought 
to be of the greatest possible interest to us, as it is one of 
the principal sources of the wealth and importance of our 
English nation. 

Carbon, in a state of more or less purity, appears in various 
forms all over the world. It is found nearly pure in the 
diamond, in plumbago or graphite or, as it is more often called, 
bladdead (a very improper name, by the way, for there is not a 
particle of lead in it), and in anthracite coal ; and it forms the 
principal part of all the coal that is burnt Besides, it can be 
artificially extracted in the forms of wood charcoal, coke, lamp- 
black or soot, and ivory-black or animal charcoal. 

It may seem strange and improbable that the diamond, the 

most valuable and brilliant of gems, should be the same in its 

composition as a piece of common black charcoal, and as no one 

has yet been able to make a diamond it is right you should 

understand why the chemist considers them to be the same 

thing. The reason is simple, and is as follows. When a 

diamond is burnt in a jar of oxygen gas it forms identically 

the same compound as a piece of charcoal does when it 

bums in oxygen, namely carbonic anhydride gas ; and if two 

substances both form the same compound, chemically speaking 

they are the same thing. 

2 
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The diamond is perhaps the hardest snbstanoe in the world ; 
that is, you cannot scratch a diamond with anything else ; so 
that ki preparing a diamond to be *' set," that is, fixed as jewels 
are in brooches, it has to be ground with diamond powder. A 
glazier ntilises this property of diamonds in nsing a crystal of 
diamond to cnlT glass. 

All the dififerent forms of carbon can be bnmed, most of them 
in common air ; but jplumbago and the diamond require pure 
oxygen to effect their combustion. 

Ordinary charcoal is made from wood. Wood consists sub- 
stantially of carbon and of oxygen and hydrogen in proportion 
to form water, so that if we can drive off the oxygen and 
hydrogen in the form of water, the caibon will be left behind. 
This may be done by putting the wood into an iron retort and 
heating it in a furnace, when the oxygen and hydrogen are 
driven off, chiefly in the form of water, and carbon is left 
behind, retaining the form of the wood from which it was 
made. This is however generally effected by a much rougher 
process. A heap of wood is formed, and covered with turf, in 
which openings are made at the top and bottom to admit a 
small amount of air. The wood is then set on fire, and some 
of it slowly bums. The heat from the burning wood is used 
to drive off the oxygen and hydrogen from the rest of the logs, 
care being taken that sufficient oxygen is not supplied to cause 
the whole mass of wood to bum. As the amount of wood con- 
sumed depends upon the supply of oxygen, the quantity of air 
admitted through the holes in the tad is a matter of some 
importance j if the supply is not properly regulated, either the 
mass is insufficiently charred, or too much wood is burnt and 
so there is a waste of material. Of course that part of the 
wood which does the work of charring the remainder does 
not form charcoal itself, because its carbon unites with the 
oxygen of the air in burning, and goes off as carbonic anhy- 
dride gas. 

You can readily make charcoal in a small way yourself. If 
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you take a test tube, Fig. 20, said hold a slip of burning wood 
in it, the tube preyents the air from getting freely to the wood, 
so cansing a smothered burning, 
and thus a slender piece of char- 
ooal is produced. 

Cioal, like wood, consists almost 
entirely of carbon, oxygen, and 
hydrogen; it is indeed supposed 
to have been originally wood, and 
to have been gradually changed in 
composition and appearance by the 
prolonged action of moisture, great 
heat, and pressure. But this is a 
matter of some uncertainty, as we 
have neyer been able artificially to produce coal from wood, nor 
actually to trace its formation by nature from the vegetable to 
the mineral condition. 

Soot, another form of carbon, is formed in the chimney when 
the supply of air to the coal or wood is not sufficient to con- 
sume its carbon entirely, that is, to convert it all into carbonic 
anhydride. The heat from that portion of the coal which is 
burning is sufficient to drive off the oxygen and hydrogen which 
in combination with carbon are contained in the rest of the coal, 
but not to heat them sufficiently to make them bum, or in other 
words combine with oxygen. The gases as they pass off carry 
with them minute particles of carbon from the coal, and these 
lodge on the sides of the chimney and are called soot. When 
fires are properly regulated, so that the right proportion of 
oxygen and carbon meet in the grate, there is no smoke, and 
such fires are said " to consume their own smoke." This is a 
subject of interest to those who use very large quantities of coal, 
such as ironfounders and manufacturers in general ; as the quan- 
tity of carbon which may go away and be wasted in smoke, in 
such furnaces as they use, may be very considerable in the 
course of a year; and it may all be saved and utilised by a 
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proper attention to the constnfction and stoking of their fur- 
naces. Unfortunately this subject does not meet with the 
consideration it deserves, and vast quantities of fuel are every 
day wasted and lost by the carelessness or ignorance of those 
who use it. 

Lampblack, so much used in painting, is a kind of charcoal. 
It is made by letting the smoke of burning resin or pitch into a 
chamber lined with leather, when the lampblack collects on the 
sides of the chamber. 

There is a large quantity of carbon in many of the things 
which we see about us. There is carbon in chalk and in marble. 
So too there is carbon in shells of all kinds — eggshells, oyster- 
shells, &c. ; it exists in wood, in leaves, in flowers, in fruit, and 
indeed in most vegetable substances; and the bodies of all 
animals have carbon as one of their principal ingredients. It 
does not show itself as carbon in these things, any more than 
hydrogen appears as hydrogen gas in water. It is, as it were, 
hidden by being chemically combined with other bodies ; but 
by separating it from these, it can be brought from its conceal- 
ment and shown as carbon. 



CHAPTEB VII. 

CABBONIO ANHYDBIDE. 

Cabbonio anhydride, as you learned in the previous chapter, 
is a gas composed of carbon and oxygen; and here we have 
another example of a solid body forming a gas when in combi- 
nation. 

Its name, carbonic anhydride, signifies that it belongs to the 
class of oxides which unite with water to form acids ; but car- 
bonic acid, the particular acid formed in this case, is a body 
which up to the present time has never been obtained pure ; it 
is always mixed with more or less water, and any attempt to take 
the water entirely away results in the decomposition of the acid 
again into water and carbonic anhydride. 

Carbonic acid forms with metals or their oxides a series of 
compounds called "carbonates;" what these bodies are you 
shall learn more particularly in another chapter. Chalk and 
marble are carbonates of calcium; potash is a carbonate of 
potassium, soda is a carbonate of sodium ; and there are many 
other bodies of the same class, some of which, like marble, are 
found among natural products of the earth, others, like soda, are 
the results of some process of manufacture. When carbonates 
are brought in contact with other acids, carbonic acid is formed, 
which, unless there is a very large quantity of water present, be- 
comes immediately decomposed into water and carbonic anhy- 
dride, the latter coming off as gas. One of the methods used 
for preparing carbonic anhydride is to make hydrochloric a^dd 
act upon marble. If some pieces of marble are put at the bottom 
of a glass vessel and a little hydrochloric acid poured upon them, 
an effervescence occurs, caused by the gas being set free from the 
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beon difloovered which oonaiBts only of oxygen, nitr5gen, and 
carbon. 

In the next place we shall find that more than one combina- 
tion belongs to each class. For instance, there is more than 
one combination of hydrogen with oxygen alone, more than one 
of hydrogen with carbon alone, two of oxygen with carbon alone, 
and so on. These differ in the proportion by weight of the 
bodies which form them, a proportion, however, which is always 
the same for any particular substance. For example, as we shall 
presently see, there are two oxides of carbon; one of them 
always contains 42*86 per cent, of carbon, the other 27*27 per 
cent., and this percentage neyer yaries, however the bodies may 
be obtained. 

In this chapter we will consider only those compounds which 
consist of oxygen and one of the other bodies, those, namely, 
which correspond to the first, fourth, and sixth columns in the 
diagram. Such bodies are termed in general oxides. 

There are two oxides of hydrogen, but one only is of sufficient 
importance to be worth our attention. This oxide, commonly 
known as water, and formed, as you ought to remember, by the 
burning of hydrogen or of bodies containing hydrogen in oxygen 
or air, contains 88*89 per cent, by weight of oxygen, the re- 
mainder of course being hydrogen, or by volume, in the pro- 
portion of two volumes of hydrogen to one of oxygen. To 
consider adequately the properties of this most beautiful and 
wonderful substance would require a large book, so that we 
must content ourselves with a mere glance at some of the most 
important or interesting points about it, remembering, at the 
same time, what a very slight knowledge we are acquiring in 
comparison with the importance of the subject. 

Briefly, then, water exists in three states — solid, liquid, and gas; 
when solid it is called ice, when a gas it is often called steam. 
Water forms seven-eighths of the entire human body, and exists 
in all living tissues, whether animal or vegetable. It is always 
present in more or less quantity in th^ atmosphere as an invisible 
gas ; even on the clearest day, when the air appears dry, there 
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is water-gas in it. As the amount which can be present depends 
upon temperature, by lowering the temperature of the atmo- 
sphere sufficiently, its presence can always be demonstrated, 
the excess of water being then deposited as dew, as, for instance, 
by bringing a very cold tumbler into a warm room/ 

Steam occupies nearly seyenteen hundred times the bulk of 
the water from which it is formed. 

It was shown in chapter ii. how hydrogen can be obtained 
from water when in the form of steam, by the action of iron upon 
the oxygen ; but there are certain metals, potassium and sodium, 
which will effect the same thing at the ordinary temperature of 
water. This will «be again referred to in the chapter which 
treats more particularly of those metals. 

Water is chiefly useful to the chemist from its power of 
disaolving solid substances, that is, rendering them liquid and 
transparent and mixing uniformly with them ; as, for instance, 
when sugar or salt is put into water. The sohuion^ as it is 
called, differs from a chemical compound in many important 
particulars. Firstly, when a chemical compound is formed 
there is always an evolution of heat, but when a substance is 
dissolved in water the mixture is colder than before. This 
may be readily illustrated by a very simple experiment : sul- 
phuric acid when added to water combines with it ; Glauber^s 
salt, on the contrary, distohee in it. So if two tumblers or 
beakers of water are taken and a thermometer placed in each, 
and a little sulphuric acid be poured into one, while some 
Glauber's salt is thrown into the other, the thermometer will 
rise in the former beaker, and sink in the latter. In adding 
sulphuric add to water be careful to pour it in very gradually, 
or the heat produced will crack the glass. In the second place, 
a chemical compound consists always of definite proportions of 
its constituents, while in a solution the ingredients may be 
present in any proportion whatever. 

By referring to the diagram above you will see that the sixth 
line indicates a set of compounds of oxygen with nitrogen. 
These are five in number, and contain respectively 86*86, 
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68*88» 68*15, 69*66, and 74*07 per oentage of oxygen, or if 
we take such portions of each as contain the same weight of 
nitrogen, the weights of oxygen in each will be in the proportion 
of the numbers 1, 2, 8, 4, and 5. 

The names and proportions of these different compounds may 
be tabulated thus : 

Nitrogen. Oxygen. 



In 22 lb. of NitA>i]S oxide, there are 14 lb. and 8 lb. 
80 „ Nitrio oxide „ 14 

88 „ Nitrous anhydride „ 14 
4U „ Nitrio per-ojiide „ 14 
6 k „ Nitrio anhydride „ 14 



16 „ 
24 „ 
32 „ 
40 „ 



Percentage 
of Oxygen. 

36-36 
58-33 
63-15 
69-56 
74-07 



Notice that the first, second, and fourth compounds are called 
•imply ** oxides," but the third and fifth receive a different 
name, one which you have heard before, namely, ^ anhydride." 
They too are really oxides like the others, but they have this other 
name also for the following reason. They belong to a peculiar 
class of oxides which, when they come in contact with water, 
cornbine with it to form acids, while the other oxides merely 
diiiolve in water without uniting chemically with it. Nitrous 
anhydride unites with water to form nitrous acid ; nitric anhy- 
dride with water forms nitric acid. Observe, too, the use of the 
terminations ou$ and ic to denote different proportions of oxygen 
in the compounds. We shall come to speak more about these 
anhydrides when we are learning about acids. (See also p. 108.) 

Nitrous oxide, more commonly known as "laughing-gas/' 
resembles oxygen in supporting combustion very brilliantly, 
but it is readily distinguished from it by being much more 
easily dissolved in water. It can be breathed, but it has, under 
cettain circumstances, a very peculiar effect upon the system of 
a person breathing it. If mixed with air it produces a state of 
exhilaration and excitement, which gives it the name " laughing- 
gas ; " but, if breathed pure, it causes a drowsiness and insensi- 
bility to pain for a short time, during which teeth may be taken 
out and surgical operations performed without the patient being 
conscious of anything which goes on. Of the other four com- 
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pounds of oxygen with nitrogen the two next in order are gases, 
the third a liquid, and the fourth a solid, at the ordinary 
temperature of the air. 

In the fourth column of the diagram are indicated the oxides 
of carbon. These are two in number, one of which only will 
be mentioned in this chapter ; the other being of sufi&cient im- 
portance to deserve a chapter all to itself. They are carbonic 
oxide and carbonic anhydride, and the proportion of oxygen in 
each is shown below. 



Id 7 lb. of Carbonic oxide, there arc 3 lb. and 4 lb. 
11 „ Carbonic anhydride „ 3 „ 8 „ 



57-14 
72-72 



Thus there is twice as much oxygen to a given amount of 
carbon in the one as in the other. A gallon of carbonic 
anhydride contains a gallon of oxygen, while a gallon of car- 
bonic oxide contains only half a gallon of oxygen. 

Oarbonio oxide is a colourless gas which bums with a 
beautiful pale blue flame, often to be recognised in a fire burning 
in a common grate. It may be formed in many ways, but the 
particular method most interesting to ua is that in which it is 
formed by passing carbonic anhydride over red hot carbon. 
This process goes on constantly in stoves and furnaces, and is 
one of the sources of the waste of fuel, because in this way 
a quantity of carbon is carried off unbumt without being con- 
verted into carbonic anhydride, as should be the case if it were 
properly consumed. .Carbonic anhydride is formed at the 
bottom of the furnace where the air can get at the coals, and 
passes up through the red hot fuel higher in the furnace ; there 
being no supply of air at this place, everything coming from 
below, the carbonic anhydride takes up some of the carbon as it 
goes along, and becoming carbonic oxide, passes > off unbumt. 
If, however, it should get oxygen before leaving the furnace, it 
bums, and the whole of the fuel is thus utilised. 
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OXIDES — ANHYDRIDES. 

Wb haye considered the properties and the method of obtain- 
ing four elementary bodies, namely, hydrogen, oxygen, nitrogen, 
and carbon, and it will now be time to study some of the com- 
binations which they form with one another. We shall find 
first that, leaving out of consideration the proportiorut of each 
element in the different compounds, they form ten sets, in which 
occur eyery possible combination of the four elements, taken 
two, three, and four together, with the exception of one. The 
following diagram will illustrate this ; the brackets show which 
elements are united together in each set, and at the top of each 
bracket is placed the name of some body which serves as an 
example for the class to which it belongs in this arrangement. 





Water. 
Ammonia. 

Marsh gas. 

Carbonic an- 
hydride. 

Cyanogen. 
Laaghing gas. 
Nitric acid. 
Prnssic acid. 
Alcohol. 
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Here you will notice that the last bracket but one has no 
name above it ; the reason is that hitherto no compound has 
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marble, and the yeflsel becomes fall of carbonio anhydride, thd 
air haTing been pushed oat of the Teesel by the gas as it rose. 

Carbonio anhydride is formed ipdien charcoal is bomt in 
oxygen gas (as represented in Fig. 16), or in common air. In 
the latter case the carbonic anhydride is mixed with nitrogen, 
which does not combine, like oxygen, with homing carbon, and 
therefore is unchanged by the combastion. The amount of 
nitrogen present in the mixtare can easily be calcalated, if 
yoa remember that ftwe gallons of air contain fbor gallons of 
nitrogen. 

For most of the experiments that we want to try with car* 
bonic anhydride, it answers yery well to obtain the gas in the 
way that was forst described in this chapter ; bat for some expe- 
riments it will not do to haye anything left in the bottom of the 
jar. In that case the gas most be made in a retort or a flask, 
and so pass out and be collected in jars, in the same manner that 
we obtain oxygen gas* Or, we can obtain it in the way repre- 
sented in Fig. 21. Here is a flask containing marble and hydro- 
chloric acid; one end of a bent 
tube passes throogh the cork, 
the other end nearly tenches the 
bottom of the jar in which the 
gas is to be collected. The gas 
formed in the flask drives out the 
air before it, and, being heavier 
than air, remains in the bottom 
of the receiver after issuing from 
the mouth of the delivery tube. 
The thick part of the tube just 
above the flask contains materials 
for drying the gas as it passes over, a process which you will 
understand better at a future day. The properties of the gas 
in the receiver can now be examined. It has no colour and is 
transparent, in these respects resembling hydrogen, oxygen, and 
nitrogen ; but it has a fiEiint smell, and a slightly acid taste. 



Fig. 21. 
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It does not support comboBtion, and will extingiiish a lighted 
candle lowered into the jar. This property of carbonic anhy« 
dride may be made the subject of a pretty experiment. Two 
jars may be taken, one fall of oxygen, the other fall of car- 
bonic anhydride. A candle lowered into the jar of carbonic 
anhydride goes out. If now it be instantly pnt into the 
other jar before the spark on the wick is extinguished, the 
oxygen re-lights the candle into a bright flame, and thus 
the candle can be put out and rekindled several times in 
succession. 

The candle goes out in carbonic anhydride for lack of oxygen 
to make it bum. You may think this a singular thing, because 
there %$ oxygen in carbonic anhydride ; in fact, a gallon of car- 
bonic anhydride contains as much oxygen as a gallon of oxygen 
itself, and therefore fiye times as much oxygen as a gallon 
of air, which you know will support the combustion of a candle. 
But the difference between the two cases consists in the fact 
that in carbonic anhydride the oxygen is chemicaUy combined 
with the carbon, and does not separate from it to unite with the 
combustible gases of the candle, and in air the oxygen is simply 
mixed with the nitrogen. This is a very good illustration of a 
striking difference between the two classes of bodies — chemical 
compounds and mechanical mixtures. 

With respect to this property of not supporting combustion, 
carbonic anhydride resembles hydrogen and nitrogen, but 
differs from oxygen. 

It also resembles nitrogen in another respect, namely, that 
it will not support animal life ; but with this difference between 
them, that while an animal breathing nitrogen dies for want of 
oxygen, carbonic anhydride acts as a direct poison, a very 
small proportion of it in the air which is breathed being 
sufficient to destroy life. 

Carbonic anhydride is much heavier than air, a gallon of the 
gas weighing more than half as much again as a gallon of air. 
You can therefore pour it, in the same way, and for an exactly 
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aimilat reason, as yoa poui water from oq« yessel into another. 
Of conrse the veesel into vMoh yon ponr it is iiiU of air ; bat 
the air rises and over- 
flows when the heavy 
gas enters, jost as oil 
would if yon ponied 
water into a vessel 
fiUed with oil. 

Suppose yon were 
to place a lighted 
candle or taper in 
the JAc B, in Fig 32, 
and you pour carbonic 
anhydride trom the 
jar A, as yon see re- 
presented there; the 
gas passes down into 
forcing np the air, and when 
it reaches as high as the 
flame, the light will be ei- 
tingnished. 

In Fig. 23 is represented a 
very pretty experiment, show- 
ing that this gas is heavier 
than air. First balance a 
jar with a weight. Now 
the jar is full of some- 
thing, namely, air, and that 
air has weight ; so that we 
in reality bahince a jar fvU 
of air. If carbonic anhy- 
dride is ponred, as repre- 
sented, into the jar on tho 
scales, the jar will descend and 
now a gas in the jar heavier than 





the "w^ght riee, because there is 
the air which filled it originally. 
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A jar filled with this gas oan be emptied with a little bucket 

(Fig. 24), just as a tank of water might be emptied, and air will 

Yig^ 2i. ^'^^ ^^ place of the gas which is 

removed. 

If a soap bubble &11 into a jar 
of carbonic anhydride it will not 
sink to the bottom, as it would 
if the jar were full of air, but 
descend a little way, and then 
ascend and remain in its open 
mouth. This is because the air 
that is blown into the bubble is 
lighter than the gas in the jar, and 
the bubble therefore floats on the 
gas as a boat on water. If the jar be 
only half full of the gas, air there- 
fore filling the upper half, the 
bubble will stop half way down. 

Another very entertaining ex- 
periment, showing that carbonic 
anhydride is heavier than air, is 
to pour the gas upon four or five lighted candles placed in 
a row, when one after another of them will be put out. 

This gas is sometimes used to put out fire, and an apparatus 
has been devised called " VExtincteur^ or chemical fire engine," 
which consists of a reservoir small enough to be carried on 
the back, containing the gas stored up under great pressure, 
to which a hose with a stopcock is attached. By opening 
the stopcock the gas rushes out in a stream, which can be 
directed upon the flames to be extinguished. Some years ago 
a coal mine in Scotland was on fire, and could not be extin- 
guished by any ordinary means, and there was danger that a 
large quantity of coal would be wasted, if the fire continued ; a 
Mr. Gumey then mode a quantity of carbonic anhydride in a part 
of the mine where it would sink down to the fire, and so put it out 
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Si^netimeB umrbonic anhydride is produced in wells, tnd, being 
■o mnch heavier than air, it tenuins at tbe bottom. If a man 
goes down into snoh a well, he will have no difficult at firat, 
becanse the air is good ; bnt when he is near the bottom, when 
the gu has aconmnlated, he will gasp for bieath and fltll ; and if 
anyone, not understanding the oanae of hie trouble, goes down to 
assist him, he too will fkll Beneelees, and both will qniokly die. 
The way to ascertain whether carbcoiio anhydride has aoonmu- 
lated at the bottom of a well is to let a %ht down into it. If it 
goes ont, or even bums rery dimly, there is enough of the gas 
to make the descent perilous. A man going down a well should 
always take a candle with him, which he should hold a consider- 
able distance below his month. If the light bums dimly, he 
should at once stop, before bis mouth gets any lower and he 
takes some of the gas into his Inngs. 

When this gas is in a well or pit, of course it must be ex- 
pelled before a man can descend. There are sereial expediento 
for doing this. One is to let a bucket down frequently, taming 



Fig. 25. 



it upeido down, away from the 
mouth of the well, every time it 
is brought up, a plan which will 
remind you of the experiment 
represented in Fig. 24. 

Bnt a better way is to let down 
a bundle of burning straw or shar- 
inge, so as to heat the gas. Now 
heated bodies expand, gases very 
much more than solids or liquids, 
and, in expanding, the weight of a 
certain volume, say of a gallon, 
becomes lessened. So that if we can 
heat the carbonic anhydride enou{^ 
to make a gallon of it weigh less than a gallon of air, it will 
rise out of the weU just as hydrogen gas would do. Fig. 26 
■hows how yon may perform this experiment upon a small scale. 
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A flask, fall of hot water, and oorked, is plaoed oa a pad iiudde 
a deep beaker full of oarboaio anhydride. If it stands on one 
side of the beaker, the efiSact on the gas inside will be that indi- 
cated in the illustration. The flask heats the gas all ronnd it, 
and makes it expand until it is lighter than the cold air above ; 
consequently there is an upward current on that side of the jar, 
while cool firesh air pours in a downward current on the oUier 
side. The two currents follow the direction of the arrows. 
That the gas has passed away can be shown by lowering a 
lighted taper, which will in that case bum as brightly as when 
outside. 

Another expedient is to throw lime mixed with water down 
the sides of the well. Lime is the product of the action of 
water upon oxide of calcium. The anhydride, as soon as it 
comes in contact with the water, forms carbonic add, and . the 
acid, acting on the lime, forms carbonate of calcium or chalk, 
which adheres to the stones, as the mixture drips down the 
sides. 

There are places where carbonic anhydride collects in large 
quantities; one of these in Italy is called the OroUo del Cane/ 
or Dog's Grotto. On the floor of this grotto or cave there 
is always a layer of carbonic anhydride high enough to reach 
above the head of a dog, but not above the head of a man. 
A man living near shows the grotto to visitors, taking a dog in 
with him, which of course falls down insensible. He however 
quickly brings him into the friesh air again, and with a dash 
of cold water revivea him. The dog fidls down not merely 
for want of oxygen, but because the gas does him positive 
harm* 

The gas in this cave comes from crevices in the rocks, a not 
uncommon occurrence in other places, especially in the neigh- 
bourhood of volcanoes, where it is also seen sometimes bubbling 
through the water of springs. It remains in the grotto for the 
same reason that it remains in wells and in glass receivexs, 
because the air is very still, and it is kept from the wind which 



CARBONIC ASEYDRIDB. SS 

woold blow it about and cause it to mingle more quickly wiib 
the atmoBphere. 

You must uot Buppose that owrbonio uihydride would always 
remain in tbe bottom of an open reoeiver, unless fresh gaa 
is added as it is in the Grotto del Oane. Some of the gas is 
always leaving the Bur&ce and mingling slowly with the air, 
a process which is called diffation, and which takes place when 
any gas is exposed to the air but piotooted from draaght. Fig. 26 
shows an experiment which illustrates the difiiiBioa of gases. 

Two joTB, A and S, of equal size are filled, the one, A, with 
hydrogen, which is a very li(^t gas, and the other, B, with 
carbonic anhydride, which 
is a very heavy gas, and 
they are connected by a 
glass tube, 0, as ahown in 
the figure, so that one jar 
communicates with the 
other, the hydrogen jar 
being placed uppermost. 
At first si^t we should 
expect each gas to remain 
where it is for an indefinite 
time, the light gas being 
at the top, the heavy car- 
bonic anhydride being at 
the bottom. BntifweleaTe 
the jara in position for a day 
or two, and then examine 
their contents, we shall 

find that half the hydrogen has deacended into the bottom 
jar, and that its plaoe is taken hj half the carbonio anhy- 
dride of the lower jar, so that there is an equal quantity of 
hydrogen and of carbonio anhydride in each jar. We may 
ascertain that this is the case by breaking the connection 
between the jars and immersing each of them month downward 
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in a solution of cansiio potash in water; all the carbonie 
anhydride will be absorbed, and the water will rise np half way 
into each jar, loaving only the hydrogen, which may be recog- 
nised by its inflammable character. 

The burning of charcoal in a close room is injurious to 
health ; even death may be occasioned by the union of the 
carben in the charcoal with oxygen in the air. Hence charcoal 
ought neyer to be burned except in the open air, or in a room in 
which doors and windows are open, or in fireplaces where the 
chimney supplies an outlet by which the carbonic anhydride can 
escape. Tou see too that if any one be poisoned by gas from 
burning charcoal, the remedy is to open doors and windows and 
let fresh air enter the room. Bemember that the doors must be 
opened as well as the windows, for air must come along the 
floor to drive out the gas. 

The foam that comes from bottled beer, porter, champagne, 
&c., when the cork is drawn, is caused by carbonic anhydride, 
which is held imprisoned in the liquid by the pressure of air 
and gas inside as long as the cork is tight Water can be 
made to dissolye more of the gas under pressure, and when this 
pressure is taken away, the gas comes off. In soda-water the 
gas is forced into the liquid by a pump, and the bottle is corked 
under pressure ; when the cork is removed the gas is liberated 
and bubbles up. Very often in what is called soda-water there 
is no soda at all ; it is simply a solution of carbonic anhydride 
in water ; but properly this ought not to be the case. Very often 
soda-water is made from two white powders dissolved in water. 
One of these is carbonate of sodium, the other is tartaric acid. 
When they come together in a state of solution the tartaric acid 
takes the sodium and sets free carbonic acid, which is imme- 
diately decomposed into water and carbonic anhydride, the 
anhydride being given off and causing effervescence. When 
we drink soda-water, we take some of this gas into the stomach ; 
but poisonous as it is when it enters the lungs, it not only does 
no harm in the stomach, but is refreshing, and in moderate 
quantities may do good. 
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AIQCOKIA, OTAHOGSV, KAB8H GAS, OLXFIAKT QAB. 

Jx former chapters we have examined the propertiea of those 
bodies which are indicated in the first, fourth, and sixth 
eolmnns of the diagram in chapter t. ; we shall now proceed 
to stndj some of the bodies indicated in colomns 2, 8, and 5, 
those, namely, which are composed of two elements only, 
neither of which is oxygen. The first of these is the gas 
called Ammonia, its name being deriyed from the fad that 
the salt from which it was originally obtained was found near 
the temple of Jnpiter Ammon, in Lybia. It is a combination 
of hydrogen with nitrogen in such proportions that two 
gallons of it, when decomposed, famish a gallon of nitrogen and 
three gallons of hydrogen; so that in two gallons of the 
compound ammonia we have four gallons of gas eondeiued to 
two. 

This gas is colourless and transparent, but has an acrid 
taste and a most pungent smell, causing tears to stream from 
the eyes. 

It does not support the combustion of a candle, but will itself 
bum in hot air or in pure oxygen. Like carbonic anhydride, it 
is fieital to animal life, but when much diluted it acts as a stimu- 
lant, the properties of sal volatile and of smelling-salts being 
due to the ammonia which is given off from them. Ammonia 
may be distinguished from any of the gases before mentioned 
by its smell, and by the extreme readiness with which it is 
dissolved in water, one gallon of cold water taking up more than 
a thousand gallons of the gas, but giving off again a consider- 
able quantity when heated. Another distinguishing property 
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of ammonia, whioh however is common to the class of bodies 
called aUcalies, of which ammonia is a member, is its action on 
cexitain yegetable colouring matter. Turmeric is a yellow vege- 
table dye, whose colour is turned to a reddish brown when it is 
exposed to ammonia. 

Litmus is a blue substance obtained from one of the plants 
called lichens, some of which you may have seen growing on 
old walls and ruins, and its colour is turned red by the action 
of acids ; the blue colour may however be restored by ammonia 
or any other alkali. 

Ammonia is obtained from sal ammoniac, the salt mentioned 
above, by heating it with quicklime, that is, oxide of calcium* 
The gas, however, cannot be collected over the pneumatic, 
trough whioh contains water, because it is, as you have been 
already told, so extremely soluble in water ; but, being lighter 
than air, it can be collected in a receiver placed mouth down- 
wards, just as it would be placed for holding hydrogen ; or, if 
you are anxious not to have the least trace of air mixed with it, 
a trough must be used containing mercury, a body which has 
no action on ammonia, the receiver prepared for it being also 
filled with mercury and inverted over the trough. 

Ammonia is formed when organic matter, that is, matter 
which forms organised beings, animals and vegetables, putrefies 
or decays, and is also one of the chief products when such 
bodies are cremated or burnt. The pungency of the smell of 
burnt feathers or hair arises from the ammonia which is formed 
from them by the heat. 

Cyanogen, the body which is signified in the sixth column of 
the diagram, is a colourless transparent gas, with an odour of 
peach kernels, and poisonous to breathe ; it bums in air with a 
peculiar purple-tinged flame, and is dissolved by water to a 
certain extent. A gallon of water dissolves four gallons of the 
gas. It is chiefly interesting to the chemist, as being the first 
compound body which was found to combine with elementary 
^bodies in the same way that elementary bodies combine with one 
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Another, and its disooTeiy by Gfty-LuBMC, a Fxench chemist, at 
the beginning of this oentory, was the starting point of a most 
important change in the theory of chemical actions, which has 
exercised a gradnally increasing influence from that time to 
this. Ton will not at present be able to appreciate its impor- 
tance or to nnderstond the chemical theory alluded to, but at 
some fatore day, when yon are more familiar with chemical 
actions, yon will donbtkss share the interest it has awakened in 
the minds of experienced and learned men. 

l%e third column is now the only one left which signifles 
the union of two of tiie elements only. The body selected as a 
specimen, marsh gas, consists of carbon and hydrogen, and, as 
ito name implies, is formed in marshy places and stagnant 
pools, where Tegetable matier is decaying. It is best made by 
heating a salt called acetate of sodium with hydrate of sodium, 
or, as it is often caUed, caustic soda^ in a retort. CSaustic soda 
will eat away glass if it is heated with it ; so, to prevent the 
retort from becoming worn through, some quicklime is put in, 
which cakes round the glass and prevents the actum of the 
caustic soda upon it The gas which comes off may be collected 
in the usual manner oyer the pneumatic trough, and its proper- 
ties can then be examined. 

Marsh gas is transparent and colourlesB, and a gallon of it 
weighs raUier more than half as much as a gallon of air. It is not 
dissolyed by water ; and does not support the combustion of a 
candle, but itself bums in air with a bright yellow flame, which, 
however, by arranging that the gas shall be partly mixed 
with air before it is burnt, may be made nearly colourless and 
transparent. When marsh gas is burnt, both the carbon and the 
hydrogen in it bum, that is, unite with oxygen in the air; the 
former becoming carbonic anhydride, the latter forming water. 
If a gallon of marsh gas be mixed with two gallons of pure 
oxygen, and a light is applied to them, they explode, much 
in the same way that hydrogen and o^gen do, and both 
marsh gas and oxygen disappear entirely; one gallon only 
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of gM bemg left, which will be found to be oarbonio anhy* 
dride ; the water fonned at the same time beooxning eondenaed 
immediatelj to the liquid state, and oonseqmently oocnpying 
an altogether inappreciable Yolnme. From this we may learn 
how much hydrogen there is in a gallon of marsh gas, if we 
bear in mind certain other facts which we have already met 
with. We may reason as follows. 

The result of the combustion of a gallon of marsh gas with 
two gallons of o^gen is one gallon of carbonic anhydride gas 
together with an unknown quantity of water. On page 27 we 
learnt that a gallon of carbonic anhydride contains a gallon 
of oxygen; consequently, as we originally started with two 
gallons of oxygen, the remaining gallon of oxygen must have 
gone to form the water. But on page 80 we see that a gallon 
of oxygen, in order to form water, must unite with two gallons 
of hydrogen, therefore there must have been two gallons of 
hydrogen in the gallon of marsh gas from which the water was 
made. You may find this rather hard to follow at first, but it is 
well worth an effort to master, and you will better see its signi- 
ficance when we return to the subject in another chapter. 

Marsh gas is the chief constituent of the gas we bum, which is 
made by heating coal in iron retorts. In coal mines this gas 
frequently bursts out from a crevice, discharging itself in jets 
sometimes for months together, and is one of the sources of 
danger to which the miner is exposed ; a mixture of it with air 
causing explosions in the mine, which too often are attended 
with loss of life. As the mines are dark the workmen are 
obliged to carry lights with them, and when a flame comes in 
contact with a mixture of marsh gas (or, as miners call it, fire- 
damp) and air, the gas is set on fire, and the bearer of the lamp 
is killed either by the explosion which follows, or by the 
carbonic anhydride which results from the explosion. George 
Stephenson the engineer, and Sir Humphry Davy soon after 
him, invented a lamp which may be safely carried into such 
a mixture without causing an explosion, depending upon the 
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&ot that a flmieirill not psM thnx^ -wtrj <ne tubes or win 
gMiM. Fignre 37 i^mMnta the hmp dawgneJ bj the latter. 
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Fig. 28 ahowing its internal MTangementa ; thia lamp ia the 
e generally naed, aad ia called the " DaTj aafetj lamp." 



That a flame will not pass through 
snoh a lamp yon can ascertain for yoor- 
aelf 1^ making the experiment in Fig. 29. 
Hold a piece of wire-ganze orer a jet of 
gna iaaoing from a burner, and apply a 
lighted taper abore the ganze. The gas 
will bum above, bat will not deaoend to 
the jet : or prese a piece of gaoze down 
on a buning candle, as shown in Fig. 80, 
when the flame will bend down tmder- 
neath, and thongh smoke may come 
throngh no flame will appear on the 
upper sor&ce. 

The explanation of this ia, that for a 
flame to be kindled, the gaa mnst be first 
raised to a certain temperatnre ; aad this 
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the gi«ii26 preveate, because, being a good condactor of heat, it 
oarrieB awaj the heat of the flame on one side of it, before it 
oui raise the temperature of the gas immediately in contact 
with it on the other side sufficiently to commence chemical 
action. 

Besides marsh gas there is another constituent of coal gas 
which resembles marsh gas in scTeral ways. It too is a com- 
pound of hydrogen and carbon, but the proportions in which 
they are combined are different in this case, as may be inferred 
from the following &ct. A gallon of defiant gas, for this is 
the name of the body, requires three gallons of oxygen to con- 
sume it completely, the residt of the combustion being two 
gallons of carbonic anhydride and some condensed water. As 
in the case of marsh gas, we reason thus : two gallons of car- 
bonic anhydride contain two gallons of oxygen, consequently 
the remaining gallon of oxygen must haTC gone to form the 
water; one gallon of oxygen combines with two gallons of 
hydrogen to form water, therefore a gallon of defiant gas con- 
tains two gallons of hydrogen. Thus we see that a gallon of 
marsh gas and a gallon of olefiant gas contain the same quan- 
tity of hydrogen ; but we shall find the quantity of carbon to be 
different when we remember that a gallon of marsh gas fur- 
nished carbon enough for only one gallon of carbonic anhy- 
dride, while a gallon of olefiant gas has sufficient carbon in it 
to form twice that quantity ; that is, olefiant gas has twice as 
much carbon in it as marsh gas. 



Yo0 have alread; learnt inoidentally & good deal about the air, 
bnt in tliis chapter we will sapplement that knowledge with 
Bome more &ct8 about ita composition and propertieB. 

The principal oompondnta of air are oxygen and nitrogen ; 
bnt there are generally some other gaeee present, and of these 
carbonic anhydride is the meet important and the most con- 
etant. The relative proportions of these three gases may be 
ODderatood roughly by ezaminiDg Fig. SI, in which the large 
cube r^>reBaiits the balk of nitrogen, the next the bnlh of 

Fig.81. 




oxygen, and the very little cnbe at the side the bulk of carbonic 
anhydride in the air. The atmosphere is considered to be irom 
forty to fifty miles high, and oonseqaently exerts an oi ormoos 
preesore on the surface of the earth, which has been estimated 
at more than forty-two thonsand tons on every acre, of which 
seven tons are dne to carbonic anhydride. There is also in the 
ur a very variable amonnt of water gas, and slight traces of 
^ nitric add, marsh gas, and enlphnretted hydrogen, a 
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body with which we have not yet become acquainted, bnt which 
together with ammonia is formed by decomposing matter. 

Oontinual additions are made to the carbonic anhydride in 
the air in various ways. Every fire, for instance, adds to it ; 
for, as yon have read in previous chapters, when wood, coal, 
and other substances bnm, the carbon in them unites with the 
oxygen of the air forming carbonic anhydride. 

A fire, then, lessens the oxygen, and at the same time adds to 
the carbonic anhydride, as may be exemplified by placing a 
lighted candle under a glass jar on a plate, when the flame 
gradually becomes dim, and at length goes out. If, as the 
candle is about to go out, the jar is raised, the flame will 
brighten again, because in so doing carbonic anhydride, which, 
being heavy, has Mien to the bottom of the jar, is let out, and 
fresh air enters to supply oxygen. As the carbonic anhy- 
dride Qollects at the bottom, if you put a long and a short 
candle under the same jar, the short one will be extinguished 
first 

Every animal, too, is breathing out carbonic anhydride, a fact 
which can be proved by a very simple experiment. Put some 
lime water into a glass, and breathe into it through a tube. 
After a little time the water becomes milky, owing to the 
formation of chalk (carbonate of calcium) by the combination 
of the carbonic anhydride with the water and the lime. This 
will remind you of one of the methods described for removing 
carbonic anhydride from a well, in chapter vii. 

The quantity of carbonic anhydride breathed out in a day 
is yery considerable ; it is calculated that a full grown man 
breathes out in twenty-four hours more than two pounds of the 
gas, and in this there is not less than half a pound of solid 
carbon. He throws off from his lungs therefore, in the course 
of a year, nearly two hundred pounds of charcoal, considerably 
more than his weight. 

The air, then, after it is breathed, is altered in two ways, both 
of which make it less fit to be breathed again ; the oxygen is 
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dimimshedy and carbonic anhydride is added to it ; the amount 
of nitrogen is unaltered, for it is neither taken up by the longs 
nor given off by them. 

The way in which air is rendered poisonous by being 
breathed may be exemplified by the story of a ship called the 
Londonderry^ The vessel was crowded with emigrants, and 
during the voyage met with a severe stomL All the passengers 
were ordered to keep in the cabin; the only fresh air they 
conld get came through an opening in the deck, and conse- 
quently the air down below became very fool and oppressive ; 
but the miseries of the crowded people became intensified when, 
in consequence of the waves breaking over the ship and pouring 
down into the cabin through the opening, the captain ordered 
the hatchway to be nailed over with a tarpaulin, that is a doth 
which is water-and-air-tight. Then no pure air whatever 
reached them, and every breath expired added carbonic anhy- 
dride to the atmosphere of the cabin* For some time their 
sufferings were tmknown to those on deck, as the noise of the 
storm drowned their cries of distress ; but at length one of the 
emigrants succeeded in forcing a hole in the tarpaulin, through 
which he attracted the attention of the captain and made him 
acquainted with the state of things below deck. The tarpaulin 
was at once removed, when it was found that some had already 
died, and many were in a dying state from the want of air. 
However, the fresh air which came in on the removal of the 
tarpaulin revived most of them, just as the frosh air let into 
the jar in the last experiment brightened the expiring flame 
of the candle. 

Another notable instance may be cited, in which the Viceroy 
of Bengal, Surajah Dowlah, after having taken Calcutta, in 
June, 1756, thrust one hundred and forty-six English people 
into a loathsome dungeon, known as the Black Hole, where in 
one night, there not being fresh air enough for them to breathe^ 
the greater part of them died of suffocation. 

The air, being thus continually charged with carbonic anhy^ 
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dride in the ways above mentioned, would in time become tmfit 
for the snpport of uiimal life, were there no means of comiter- 
acting tills tendency supplied by nature in other ways. This 
work is done by the leaves of plants, which perform a fonction 
analogous in kind, but opposite in effect, to the lungs of 
animals. Trees and plants breathe, but in so doing they absorb 
carbonic anhydride, and give out in exchange oxygen, and 
thus the balance of proportions in the atmosphere is preserved. 
Leaves present on their surfaces minute pores or mouths of 
tubes, which, under the influence of sunlight, absorb carbonic 
anhydride, whence it is carried to all parts of the plant, the 
oxygen being separated eventually from the carbon and re- 
discharged, while the carbon is retained and furnishes material 
for the growth of the tree, carbon being, as you know (see 
chapter v.), one of the chief ingredients of wood. 

You woidd probably expect, then, to find the proportion of 
carbonic anhydride in the air to be very different in the neigh- 
bourhood of a large forest, and in a place where there are very 
few trees, and that also there would be a greater quantity of 
carbonic anhydride in winter, when the trees are destitute of 
leaves, than in summer when they are covered with foliage. 
But this is not the case, owing to the tendency, alluded to in 
the last chapter but one, of gases to mix together until they 
are in the same proportions throughout their whole substance, 
a tendency which is very much assisted in the case of the 
gases in the atmosphere by the winds which are constantly 
moving different portions of the air from one part of the earth 
to another. 

The amount, however, of water-gas present in the air, you 
were told, varies very much at different times, and the cause of 
this variation, although not belonging properly to the chemical 
branch of science, is so interesting and important, that the foU 
lowing attempt to give a brief though necessarily imperfect 
explanation of it will be well worth your attention. We 
all know practically that boiling water is hot^ and that the 
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steam whioh is formed is hot also ; if there is water in the air, 
it most be necessarily of the same temperature as the rest of 
the atmosphere, and consequently it must be quite different in 
respect of temperature from the water-gas which is formed from 
boiling water. 

Now whenever water has one of its surfaces exposed, that 
is to say, not pressing against a solid, as for example the upper 
surface of water in a bottle half full, or the surface of a sea or 
lake or pond or puddle, some of it will be turned into a gas at 
that surface, and pass away from the rest (a process called 
evaporation) until the gas which is formed exerts a certain defi- 
nite pressure on the surface of the water, the amount of which 
depends upon the temperature of the gcu^ being greater if the gas 
has a higher, smaller if the gas has a lower temperature. When 
this pressure is reached there is a sort of balance between the 
pressure of the evaporated gas on the one hand and the tendency 
of the water to evaporate on the other, the amount of force, as 
it were, on each side being regulated by the temperature of the 
evaporated water-gas. In the case of the atmosphere this 
pressure is due to the weight of gas above the surface of water 
exposed, and therefore may be taken as a measure of the amount 
of water-gas present in a given volume of the atmosphere. 
Suppose, then, on a hot day the surface of water in any particular 
place has been giving off a quantity of gas until the pressure 
has reached the point where evaporation stops (a point, re- 
member, which depends on the temperature of the water-gas 
which is formed), and then by some means the gas is cooled, as 
for instance by meeting with colder air ; the pressure becomes too 
great for its temperature, and must therefore diminish. That is, 
some of the water-gas must become liquid water again, and con- 
sequently change the amount of water in the atmosphere.. In 
such a way as this dew is formed, which really is water-gas con- 
densed during the night, which had been evaporated during the 
previous warmer day, but which, as the temperature fedls, has 
become in excess of that which is required to stop evaporation. 
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The effect of the oxygen and nitrogen in the air upon the 
evaporation of water is not to alter in the least degree the 
amonnt of water evaporated, but only to diminish the raie of 
evaporation. If there were no gases in the air at all, the only 
difference wonld be that the water would instantly throw off 
enough gas to balance its tendency to evaporation, whereas as 
the case now stands some time is required for this point to be 
reached. The weight of the mr then pressing on the water 
has no other effect upon its evaporation, except that its rate is 
checked. 
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CHLOBINE — BLEACHING. 

GoMMON dinner-Bait is a Bnbstance made np of two elements, 
one of which is a metal called sodium, and the other a body 
of which we shall now consider the properties. It is called 
chlorine, a name derived from a Greek word signifying 
yellowish-green, because of the peculiar colour which this 
body possesses. 

Chlorine combines with many other elements besides sodium, 
and the compounds which it forms with single elements are 
called chlorides, just as compounds of oxygen with single 
elements are called oxides. Thus common salt is called by 
chemists chloride of sodium; calomel is called chloride of 
mercury. Chlorine may be obtained from common salt by 
mixing the salt with some dioxide of manganese (the body used 
in the preparation of oxygen), placing the mixture in a retort 
with some sulphuric acid and water, and applying a gentle 
heat. 

Chlorine is a gas, at the ordinary temperature of the air, of a 
yellowish-green colour, and so excessively irritating to the 
lungs when breathed that the greatest caution must be exer- 
cised in its preparation not to let any of it escape. This is 
rather a difficult matter, because, as chlorine is dissolved by 
cold water, the pneumatic trough cannot be used for collecting 
it; neither is the mercury trough available, which was used 
for collecting ammonia, as chlorine acts very readily upon 
mercury. 

The gas is about two and a half times as heavy as air, and 
can therefore be collected, like carbonic anhydride, by the 
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dispUoement of air. Fig. 82 aheirs &n kppantns vhich nu; be 
used for Uub purpose, in which a is the retort in which the gas 
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16 made, and b is a receiver, placed on a lower level, to collect 
the gu as it oomes over. 

If it is eeeential to obtain the gas for any experiment free 
jrom admixtore of air, chlorine maf be collected over the pnen- 
niatio trough in which hot w&ter is nsed; for water diasolres 
more of the gas at low than at high temperatmeB. When a jar 
of the goB is done with, care mnst be token not to let the gas 
escape into the air of the room in which the experimentB are 
being performed ; the beat plan ie to poor into the jar eome 
hydrate of saditun (canatio soda) and shake it np well until aU 
the smell of the gas is gone. 

Chlorine has a great tendency to combine with hydrogen, 
forming a compound known as hydrochloric add, or, as it is 
sometimes called, muriatic acid, a name given to it for reasons 
which will be explained in the chapter on acids ; in so doing a 
gallon of chlorine combines with a gallon of hydrogen, forming 
two gallons of the acid, which is also a gas like hydrogen. In 
consequence of this tendency chlorine will aopport the combns* 
tion of a candle, or of bodies containing hydrogen, but as the 
uirbcn of the candle does not bnm in chlorine, the flame will 
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give off great quantities of smoke or soot. If a piece of blotting 
paper be soaked in turpentine, and placed in a bottle of dhlorine, 
the action of the gas on the hydrogen of the turpentine is so 
energetic as to cause the paper to catch fire, and at the same 
time great quantities of soot are deposited. A mixture of 
chlorine and hydrogen may be caused to combine by applying 
a flame to it, or by subjecting it to the action of light. If the 
direct rays of the sun tall upon the mixture the combination 
takes place with explosiye violence, but by exposing it to 
diffused daylight the action goes on quietly and gradually. We 
haye learned that chlorine dissolves in water, but this solution 
is difficult to keep for any length of time, as, if placed in the 
daylight, the chlorine will separate the hydrogen from the water, 
setting free the oxygen, and soon the solution becomes one of 
hydrochloric acid instead of chlorine. Many other elementary 
bodies have a strong affinity for chlorine, especially if they are 
in a finely divided state. For' instance, copper foil, powdered 
antimony, and arsenic will take fire spontaneously in chlorine, 
as will also be the case with phosphorus, each of them forming 
a chloride of the element which undergoes combustion. 

Hydrochloric acid is a gas, colourless and transparent, fuming 
when it comes in contact with the air, in consequence of con- 
densing its moisture, and forming with it a liquid compound 
which has not the same tendency to evaporate or pass into a gas 
that pure water has. It is very soluble in water, but not so 
much so as ammonia, a gallon of water dissolving about 
480 gallons of hydrochloric acid gas. It does not, however, 
act upon mercury, and so can be collected over the mercury 
trough. 

This gas can be formed for examination by acting upon 
common salt with sulphuric acid, when the hydrogen is 
supplied by the acid, the chlorine by the salt, and the sodium 
which is left from the salt uniting with the sulj^ur and oxygen 
which remains from the acid forms a new salt commonly 
known as Glauber's salt, but which chemists call sulphate of 
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sodium. The following diagram will render this reaction more 
easy to be understood and remembered : 



Chloride 
Sodium 



ide of r ^^*>" 

^'^' Lsodiui 



OhloriDo 
Sodium 



Hydrogen " 
o«,M — Oxygen 

■ 

Sulphur — 



aoid. 



Chlorine 

Hydrogen 

Sodium 

Oxygen 

Sulpliur 



Hydrochloric 
acid. 



Sulphate of 
Sodium. 



Here we see that there is an interchange of sodium and 
hydrogen between the two bodies, which is an example of what 
chemists call recLctiont, 

From hydrochloric acid chlorine can be obtained by the 
action upon it of dioxide of manganese, under the influence of 
a gentle heat. 

The tendency of chlorine to form hydrochloric acid, whenever 
it comes in contact with a body containing hydrogen, makes the 
gas useful to us in two most important ways. By its means we 
can bleach vegetable colouring matter, and we can also destroy 
many deleterious gases, which are compounds of hydrogen. 

For bleaching goods the chlorine is prepared by acting 
with an acid, usually sulphuric acid, on bleaching-powder, 
a body which contains chlorine and parts with it readily. 
The chlorine which is set free combines with the hydrogen 
of the dye, and at the same time forms a colourless compound 
with the other ingredients of the colouring matter, and in 
this way effects a bleaching action. Another way in which 
chlorine bleaches is by setting free oxygen from water, when 
it combines with the hydrogen. Oxygen, when it is first set 
free from a combination, acts much more powerfully than 
under other circumstances, and in this case forms colourless 
compounds with the materials it bleaches. So that in this 
case chlorine only bleaches indirectly, the actual work of 
whitening the material being performed by oxygen. 
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Woollen goods, that is, goods nudo <tf the hair of mimals, 
ue not bleached b; chlorine, but only goods nude of some 
material of Tegetable origin. A piece of coloored calico plaoed 
in a jar of chlorine gas will be nn- 
bleacbed as long as it is diy ; but 
if the lag be moistened the oolonrs 
vill be extracted. A good experi- 
ment to abow the bleaching effoot 
of chlorine is to put a little bleach- 
ing powder and acid into a sanoer, 
and some flowers in a pot close 
to it ; cover both flower - pot and 
sancer with a bell - glass, when 
the flowers will soon become quite 
white. 

Chlorine will bleach ink spots, bnt will have no effect npon 
printer's ink. 

Chlorine is used very extensiTely in the mannfaotnre of 
paper, the oolonr of the rags &om which the paper is made 
being removed by Uie action of this gas. 

Chlorine is also of great use in purifying foul air, for which 
porpose it is made by plsoing moistened bleacbing-powder or 
chloride of lime in sancers. The acid necessary to set &ee the 
gas is snpplied by the combination of the carbonic anhydride (d 
the atmosphere with the moisture of the saucer. 

Salt, the principal source of chlorine, is found native in all 
parts of the world, the most famous mines being those of 
Poland, Hongary, and Cheshire. Though salt has been taken 
from the salt mines of Cracow for centuries, it is supposed there 
is still enough to anpply the world for centnries more. Some 
parts of these mines have been shaped into beaatifnl forms as 
the salt has been taken out ; chapels, halls, &c., have been made, 
the roo& of which are supported by huge pillars of salt, which 
present a very splendid appearance when illuminated by torches 
and lamps. 
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In England most of our salt is obtained from sali-BpringB, 
the most noted of which are in Cheshire. When the name of a 
place ends in toichy as Northtoicft, DroittotcA, &c., salt either has 
been or is now fomid there. In the water of these springs there 
is between eight and nine times as much salt as there is in sea- 
water. To get salt from them wells are dag, and the brine is 
pomped np and conducted to boilers where the water is driyen 
off by heat. Sometimes, however, the salt is obtained by a 
slower process ; the brine is exposed to the sun in extensiye 
shallow yats, called eyaporating pans, and the water gradually 
passes off into the air, leaving the salt behind. In hot climates 
salt is often obtained from sea-water by this method. 



CHAPTER XL 

IODINE ~ BBOMINE. 

Thebs are in sea-water, besideB chlorme^ two other snbstanoes 
Tery mnch resembling ehlorine in several ways. One of these, 
iodine, is found there combined with sodium just as chlorine 
is, bnt the quantity of it is much smaller than the quantity 
of chlorine in the sea, so small indeed that it would almost 
escape obseryation, were it not for the fact that sea-weeds 
extract it from the water and store it up in their tissues. 
Sea-weed is to us the source of iodine ; the weed is burnt, and 
the ashes that are left, called kelpy contain a certain quautity 
of iodide of sodium, from which the element iodine may be 
obtained by a process which is rather complicated, but which 
is in the main similar to that by which chlorine is extracted 
from chloride of sodium. 

Iodine, whose name is derived from the Greek word for its 
colour when a gas, is a dark coloured solid somewhat re- 
sembling blacklead, which passes into a gas having a splendid 
violet tint when gently heated. This vapour is one of the 
heaviest gases known, and will support the combustion of a 
taper, much as chlorine does, and resembles chlorine also in 
setting fire to phosphorus spontaneously and combining with 
it, and in forming a gaseous compound with hydrogen similar 
to hydrochloric acid, which consequently is called hydriodic 
acid. Iodine has such a strong tendency to combine with 
phosphorus that they will unite if they come together even in 
the solid state, the chemical action causing sufficient heat to 
ignite the phosphorus. 

Iodine is most useful in medicine, though poisonous if taken 
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in more than yerj small quantities, and it also forms with 
silver a oomponnd which is acted upon by light in a peculiar 
way, so that photographic pictures may be taken by its agency. 

Bromine is extracted from sea-water, a gallon of which 
contains rather less than a grain of bromine, by a process 
something like that for the extraction of iodine from kelp. 
It is not, however, combined with sodium in sea-water, but 
with another metal named magnesium, a metal which is found 
in considerable quantities, combined with other substances, all 
over the world, and which is remarkable for its lingular pro- 
perty of burning in air, producing as it does so a light of 
most extraordinary brilliancy. Bromine is found almost in- 
variably wherever common salt is deposited, and also in salt 
springs. 

Bromine is a brownish-red liquid giving off deep orange-red 
fumes, which have such an exceedingly offensive smell as to give 
the substance a name derived from the Greek word signifying 
stench. It is a very deadly poison, and more irritating to 
breathe in vapour than even chlorine. It forms with hydrogen, 
like chlorine and iodine, a gaseous combination which is 
called hydrobromic acid. 

These three substances, chlorine, iodine, and bromine, are 
peculiar to sea-water, in which they are always found com- 
bined with other substances. These odmxK>unds, together with 
various other salts found in sea^water, originally came from 
rocks and soil washed by the sea, or rivers which run into the 
sea, and consequently the proportion of the different matters 
dissolved is subject to a slight variation in different parts of 
the world, depending partly upon the nature of the soil which 
prevails in any particular place. The names of the different 
substances found dissolved in the sea are chloride of sodium, 
chloride of potassium, chloride of magnesium, bromide of 
magnesium, sulphate of magnesium or Epsom salts, sulphate 
of calcium or gypsum, carbonate of calcium or chalk ; of which 
chloride of sodium exists in by far the largest quantity, the 
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seoond place being oocapied by the chloride and sulphate of mag- 
nemiiTn. Some inland seas and lakes contain more saline matter 
than the ocean itself partly because they haye no outlet, partly 
because there is so much salt in their neighbourhood. Snch 
are the Caspian Sea^ the Dead Sea, and the Lake AraL 

The more salt there is dissolved in water the more dense it 
is, that is, the heavier a cnbic foot of the water becomes. The 
effect of this intarease of density is to increase the buoyancy 
or floating power of the water, as may be illustrated by the 
following experiment. An egg will sink to the bottom of a 
jar fall of fresh water; but if some strong brine, that is, a 
mixture of salt and water, is poured down a long tube to the 
bottom of the jar, it will force up the pure water and egg, 
the egg remaining at the bottom of the fresh water, but floating 
on the Borflice of the brine. 

In consequence of this it is that the Dead Sea has such a 
floating power, a man having no difficulty whatever in keeping 
his head above the surface ; indeed, so great is the difficulty of 
keeping one's limbs and body below the sur&ce that swimming 
is very difficult in this sea. A ship there could carry a cargo 
which would cause it to sink in river water. 
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COMBUSTION. 

WuENxviEB chemical action takes place heat is either absorbed 
or giyen out, the act of combination being attended with a 
prodnction of heat, and, if it be sufficiently rapid, light also. 
When a rapid chemical action causes much heat or light, or 
both, it is called comhwtion or burning. Thus, when oxygen 
combines with hydrogen to form water great heat is given out, 
and the hydrogen is said to lum ; so when iron combines with 
oxygen in the way mentioned on page 15, the iron is said to 
lum in the gas. 

Very often, howeyer, chemical action takes place more slowly, 
so that no light is produced, as for instance when iron rusts; 
this is sometimes spoken of as slow combustion. In such cases 
there is always heat given out, but so slowly and gradually 
that no light is apparent. 

It must not be supposed that oxygen is always essential to 
combustion. On page 50 it was stated that a candle will bum 
in chlorine, and it has been shown, too, how chlorine and iodine 
vapour will support the combustion of many bodies ; but in all 
cases of combustion in air it is the oxygen which is the active 
agent, and so if it is required to preserve any body from 
combustion in air, it is protected by a covering of some sub- 
stance which is not acted on by oxygen. For instance, an iron 
fence is painted to preserve it, because oxygen has no com- 
bustive action on paint, and the paint keeps the oxygen of the 
air from getting at the iron ; phosphorus is kept under water 
for the same reason. 

When a fire is put out by smothering, the same cause ope- 
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rates ; flie oxygen of the air is exdnded, and the fire goes out 
for want of oxygen. An extingnisher on a candle shuts out 
the air, and a blanket, coat, or mg wrapped ronnd a person 
whose clothes are set on fire will extinguish the fiame by 
shutting out the air. 

When, therefore, fresh fuel, wood or coals, is put on a fire, 
care must be taken not to smother the fire by putting it on so 
as to stop the air from getting freely at the burning fuel which 
is already there, or the fire will be extinguished from lack of 
the oxygen necessary to keep it burning; and on the other 
hand, a fire may be kept burning slowly for a long time by so 
arranging the coals that the air may get at the burning fuel 
yery gradually, a contriyance often made use of by stokers o) 
engines when they wish to moderate the heat of their furnaces, 
and yet to keep the engine ready for work on a short notice. 
The action of carbonic anhydride on flame is of the same 
nature (see page 80). 

Li order that a body may bum in oxygen it must first be 
raised to a certain temperature ; coal gas, for instance, must 
be heated by applying a flame to it before it will inflame; 
but when it has once been ignited, the heat produced by the 
chemical union is sufficient to keep the gas at the necessary 
temperature. One way, therefore, of extinguishing a flame is to 
lower the temperature of the burning substance, and this is the 
principal way in which water operates in putting out a fire. 
The water is conyerted into steam, and so takes a great deal 
of heat from the fire ; it also helps to extinguish the flame by 
smothering it, the steam which is formed shutting out the 
oxygen of the air. 

It may be considered surprising that water and carbonic 
anhydride should haye this effect, as they are both bodies 
containing a quantity of oxygen ; but the oxygen in them is 
already chemically united with some substance, and has no 
tendency to separate and unite with any other. As combustion 
in air results from the union of oxygen with the burning sub- 
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stance, it follows that the more freely oxygen is brought in 
contact with the fael the brighter will be the fire. For this 
reason bellows canse a fire to bom more fiercely, and often kindle 
into lively combustion a fire which is nearly expiring. Never- 
theless, if too much air is blown into a fire or upon a fiame it 
will put it out, because the air exerts such a cooling action upon 
the burning bodies as to bring their temperature below that 
which is necessary for combustion to take place ; this is what 
occurs when a candle is blown out ; the flame being extinguished 
mainly on account of the cooling action of the air forced 
uxK>n it, but partly also .because the burning gases are driven 
away from their source, so that the fresh gases which come 
from that source are not kindled. 

It has been mentioned already that it is necessary to raise 
bodies to a certain temperature before combustion can take 
place (page 59) ; but this temperature is different for different 
substances, and sometimes even varies in the case of the same 
substance according as the combustion is rapid or slow. Thus 
candle grease, coal gas, «nd grate fuel require a considerable 
heat, the heat of another flame, to be applied to them before 
they will ignite in the air; red-hot iron will bum in pure 
oxygen ; the composition with which a match is tipped will take 
fire with the small amount of heat which friction gives to it, 
and iodine and phosphorus, if brought together at the ordinary 
temperature of the air, inflame spontaneously, although their 
combustion can be prevented by surrounding them with a 
mixture of ice and salt, which produces cold enough to bring 
their temperature below the point at which they can ignite. 
Phosphorus unites slowly with the oxygen of the air at a tem- 
perature equal to that of a moderately warm summer's day, but 
in order that it may inflame and undergo rapid combustion it 
must be raised to a higher temperature, 140° (Fahrenheit). 

Some substances cannot bum at all, or at all events they 
have never yet been raised to the temperature necessary to 
inflame them. Gk>ld is one of these, which, though exposed to 
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an intensely hot fire, does not oombine with oxygen from the 
air, although it does melt. Grold ^ nndergoes neither quick nor 
slow combustion in air, it does not rust like iron and many 
other metals ; hence, outside work which is covered with real 
gold leaf (not the leaf called Dutch metal, which looks very 
like gold leaf) never rusts or tarnishes in air. 

1 A Btatement has been published with reference to the fire at Chicago, 
giving results of the various degrees of damage done to ledgers and busi- 
ness books, &c., which were locked up in iron safes. Some of the papers 
considered best and strongest suffered most, but all the books with gilt edges 
were, when opened, in a perfect state compared to the others; and the 
question arises, whether it would not be policy to gild the edges of business 
ledgers, &o., &c., of importance. 



CHAPTEE Xni. 

PHOSPHOBUS — MATCHES ~ SPABKS ^ SULPHX7B. 

Thb element phosphorus is found in combination with the metal 
oalcinm and with oxygen as phosphate of calcium in the soil of 
the earth,' from which it is extracted by plants and vegetables, 
and stored up in their seeds, and so becomes a part of the food 
of animals. 

Of the body of animals it forms a most important constituent, 
phosphate of calcium being the substance to which bones chiefly 
owe their hardness. When bones are burnt, the ash that is left 
consists mainly of phosphate of calcium, from which the element 
phosphorus may be extracted by a suitable process. 

Phosphorus is a soft yellow solid with much the appearance 
of wax, and is easily melted. As, however, phosphorus under- 
goes slow combustion in warm air, and is rapidly burned at a 
very slightly elevated temperature, it must always be melted 
either under water or in an atmosphere of gas which has no free 
oxygen in it, such as hydrogen, nitrogen, or carbonic anhydride. 
If it takes fire in the hand, it inflicts such severe burns, that it 
should never be handled out of water, if possible. When it 
bums in air it combines with oxygen, forming white fumes 
called phosphoric anhydride, which unite with water to form 
phosphoric acid. 

The low temperature at which phosphorus takes fire makes it 
useful in the manufacture of matches, which are lighted by 
simple friction on a rough surface. The pieces of wood are 
first gummed and sprinkled with sulphur, or steeped in paraffin, 
and are then tipped with a composition which is composed 
mainly of glue, phosphorus, and chlorate of potassium, the latter 
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being a bod j which parts readily with its ozjgen, and therefore 
assists the oombostion. Men engaged in this manufacture are 
liable to a terrible disease, in which the bones of the face are 
destroyed, owing to the fomes of the phosphoms which is 
employed. 

Of late years, howeyer, a new method of making matches has 
been discovered, in which the workpeople are not exposed to 
this danger, and which has the additional advantage that the 
matches only ignite on the box, or npon a similar grit to that 
which is laid on the box. 

Sir Benjamin Biodie discovered that if phosphoms is heated 
in an atmosphere containing no oxygen, and a very small piece 
of iodine dropped npon it, the whole mass undergoes a remark- 
able change. The phosphoms then no longer looks yellow and 
waxy, but is red and powdery ; it no longer fumes in air, and 
may be heated to a very considerable temperature (500° Fabr.) 
before it is oxidized or burnt, but if very slightly rubbed with 
chlorate of potassium it detonates. The grit of the match-box 
is therefore mixed with red phosphorus, and the match-head 
tipped with a composition containing chlorate of potassium, so 
that the match if rubbed on the box readily takes fire ; but as it 
contains no phosphorus itself, it does not ignite if rubbed 
against an ordinary rough sur&ce. 

The heat necessary to ignite a match is obtained, then, by 
friction, and friction has been in all ages and among all nations 
the principal means of obtaining flame and fire. Savages were 
accustomed formerly to sharpen a piece of hard wood to a point, 
which was inserted into another piece of soft wood and placed 
among some light chips* The XK>inted piece was then rapidly 
turned after the manner of a drill, until sufficient heat was 
obtained by the friction of the two pieces of wood to kindle the 
chips. 

This method, besides being most laborious, requires no mean 
skill for its proper performance, and a most valuable advance 
was made by the introduction of the flint, steel, and tinder box. 
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YHien a piece of iron strikes a piece of flint or hard stone 
with considerable force it is often seen to strike fire, that is, 
to produce a spark, as may be obseryed when a horse's shoe 
strikes a stone in the gronnd at night. This spark is a piece of 
iron torn off and rendered so hot by the concussion and friction 
as to become red hot and unite with the oxygen of the air, 
becoming oxide of iron. The heat produced is sufi&cient to 
ignite the yery small piece which is torn off, but not the larger 
mass of iron left behind, as would be the case if the air consisted 
of pure oxygen, and thus the rest of the shoe is not burnt. 
Such a spark fsdling on tinder, which is rag either partially 
burnt or soaked in nitre and dried, will 'cause the tinder to 
smoulder away, and from the smouldering rag a flame can be 
obtained by applying to it a piece of wood tipped with sulphur. 
The tinder was therefore kept in a box, and a flint was struck 
by a piece of steel in such a manner as to cause the spark to 
flidl on the tinder, a feat by no means easy to perform, an un- 
skilful person often being a long time before a light was ob- 
tained by these means. 

Friction sometimes produces heat enough to cause a fire 
where it is not at all desirable to do so, and cases have occurred 
of machinery and railway trains being set on fire by this means, 
when the parts which rubbed one against another were not kept 
sufficiently greased to prevent friction. In these cases sufficient 
heat was produced to cause some part of the machine, which was 
made of wood and was in contact with the hot metal, to combine 
with the oxygen of the air and bum away. 

When a knife-grinder, with his rapidly reyolving wheel, 
causes sparks to fly off, he is in reality burning part of the inife 
which he is sharpening, the union of oxygen with the iron in 
the particles of steel which are ground off causing the sparks 
that are seen to fly about. 

Sulphur or brimstone is a yellow BoHd found native and in 
combination with iron and other elements chiefly in the neigh- 
bourhood of volcanoes. It bums in air with a blue flame 
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forming stdphoroiiB anhydride. It is quite insoluble in 
water, bnt forms a liquid compound with carbon, in which it 
may be dissolved. It is used sometimes as a medicine, and with 
this view is often placed in lumps in the water' which is given 
to dogs to drink ; this is, however, it is needless to say, quite 
useless fior the purpose for which it is intended, as none of the 
sulphur is dissolved in the water. In order that it may be taken 
into the stomach, the powder known as flowers of sulphur should 
be mixed with the animals' food. 



CHAPTER XIV. 

FLAME — GAS — CANDLES. 

All the different substanoeB wluch are used for illumination 
are, with one or two exceptions, componnds of carbon and 
hydrogen, commonly called by chemists hydrocarbons. Coal 
gas, tallow, wax, paraffin, photogene, solar oil, and many others, 
are hydrocarbons ; colza and other similar oils contain oxygen 
in addition. All these substances are burnt as gases, and all of 
them form water and carbonic anhydride by combining with 
oxygen in the air when they are burnt. When these substances 
are burnt in the ordinary manner the flame presents several 
remarkable characters, which are worthy of attention, because 
according as they are severally modified so the light and heat 
produced by the flame vary. 

In the first place, then, the flame is hollow like a shell, the 
interior of the shell being filled with unbumt gas, as may be 
shown by holding one end of a small glass tube or piece of 
tobacco-pipe in the middle of the flame. Some of the unbumt 
gas will pass off through the tube and issue from the other end, 
where it can be lighted. Another experiment illustrating this 
is to cut the head off a wax match and hold it in the very 
middle of the flame on the end of a knife, when it will take 
some time before it is kindled. Gunpowder, too, may be held 
in a flame, if it is very quickly introduced, and held upon a 
piece of broken porcelain. If a splinter of wood be held directly 
across the flame, so that it shall run through the dark part, that 
part which is in the middle will be unbumt, while the wood 
will take fire on each side, where it touches the outside of the 
flame. Again, a sheet of good glazed note paper may be de- 
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Fig. 84. 



pnMMd on the flEune ia the Bome manner u the ganae in Fig. 8<\ 
and OD its being raised again thete will be seen a ring black- 
ened and singed, with the centre not diseolonred. These eiperi- 
ments all t«nd to show that there is no great heat in the interior 
of a flame. Carefnl observation will show that 
there are three distinct parts in a flame, aa repre- 
sented in Fig, 3i. A dark space inside a a', com- 
posed, as we have seen, of nnhnmt gases coming 
from the wtck or jet; a bright enrelope, /eg; 
and an almost imperceptible onter envelope, bed. 
Some observers describe a fonrth portion, a light 
bine zone which snrronnds tlte wick at the bothmt 
of the flame, and answers to the lower fourth (ddeb 
in the Rawing. 

That part of the flame in which the most can- 
plete oombnstion is going on is the envelope bed. 
Here the oxygen of the air has firee access to 
both carbon and hjrdrt^en, and both are com- 
pletely bnmed there. In the envelope /« g the hydrocarbons 
meet with only a limited snpply of oxygen, as the oxygen 
has first to come through the envdope bed, where com- 
bostion is going on. The consequence is that there the 
combustion is incomplete, and the hydix^n, having a greal«r 
affinity for oxygen than carbon, separates from the carbon, and 
forms water, while the heat formed thereby mokes the particles 
of separated carbon white hot. This is the cause of the lumi- 
nosity of that envelope. The earbon particles as soon as they 
reach the outer envelope meet with more oxygen, and these are 
burned, forming oazbonio anhydride. No oxygen reaches the 
inner cone at all, and consequently there is no combustion going 
on there, ss was shown above. The envelope bediB, however, 
fbebly luminous, and this is said to be dae to the sir which is 
raised to incandescenoe by the heat of the combustion. 

If a ooM body, snch aa a piece of porcelain, be held in the 
flame, it will cool the particles of carbon down below the tem- 

T S 
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peratnre at which thej bam, and they are deposited upon it in 
the form of soot. 

As the brightness of a flame is cansed bj solid particles of 
carbon, it follows that the more particles there are separated 
and raised to a white heat, the brighter will be the flame. For 
example, the flame of alcohol is dnll and feeble, becanse alcohol 
contains comparativelj little carbon, and the oxygen of the air 
can consume it at once with ease. But if a jet of chlorine gas is 
thrown into the middle of the flame it at once makes it bright, 
because it keeps the oxygen out, and at the same time only 
combines with the hydrogen of the alcohol, and so causes a 
separation of carbon. 

It is possible, howeyer, to haye more carbon separated than 
can be heated to incandescence in the flame, or the supply of 
oxygen may be insufficient to carry on combustion rapidly 
enough to giye the required temperature to the carbon; when 
this is the case the flame is dull and smoky. This is often 
exemplified in lamps whi(^ bum paraffin oil. If they are not 
turned up high enough the flame does not supply sufficient heat 
to raise the carbon to the required temperature, and if they are 
turned up too high the supply of oxygen is not sufficient for the 
proper combustion of all the materials composing the flame. 

The flame of coal gas is similar to that of a candle if the burner 
has a round hole, but the burners generally used alter the shape 
of the flame, so that it is difficult to obserye the different parta 
The object of the modified shape of the flame is to cause a 
greater separation of carbon, and so increase the brightness of 
the flame. 

If the flame of an ordinary burner is applied to a cold sur&ce 
in order to heat it, some of the carbon is deposited upon it in the 
form of soot. But this deposit of soot means imperfect com- 
bustion, and consequently waste of fuel. If it be desired to 
obtain all the heat which the gas can giye by combustion, it 
must be so arranged that it is aU burnt. This may be managed 
by an arrangement seen in Fig. 29. A piece of wire gauze is 
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rapported an inch or two aboye the gas jet, so that as the gas 
streams upwards it becomes well mixed with air, and a light is 
applied at the top of the ganze. The resulting flame is ex- 
tremely hot, and almost oolonrless; no bright particles of carbon 
will be seen in it at all. 

A more oonyenient arrangement is the bnmer deyised by the 
German chemist Bmisen, which consists essentially of an iron 
tabe, abont three inches long, open at both ends, into the lower 
end of which a gas jet enters for about three quarters of an 
inch. The gas issuing from the jet draws air from below with 
it up the tube, becomes mixed with the air in its passage, and 
bums with a colourless flame at the top. The lower end of the 
tube has generally a oontriyance for regulating the size of the 
opening, so that the proper amount of air may be drawn up for 
the size of the flame required; as if too much air is admitted an 
explosiye mixture is formed in the tube, and the flame descends 
to the jet below ; if, on the contrary, too little air finds its way 
up, the flame becomes luminous, and deposits soot uxK>n cold 
bodies held in it. 

These different properties of a flame are often utilised by 
chemists, and made to assist yarious chemical changes which 
are required, and, by making use of a special artifice, are 
seyerally intensified or diminished according as the occasion 
demands. The instrument used to modify the supply of air to 
the flame is called a '* blowpipe," and is represented in Fig. 35, 
where a man is depicted blowing on to a flame, in order by its 
aid to effect the reduction of a metal from one of its compounds 
placed on a piece of charcoal. 

The blowpipe is used on a flame for two different objects, 
independently of its heating effect ; namely, to induce oxygen to 
unite with substances, and to take oxygen away from substances. 
In order to see how these two opposite results may be produced 
it will be necessary to examine the effect which the stream of 
air from the nozzle of the pipe has upon the flame. 

The flame itself should be, if possible, a gas-flame issuing 
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finm a long uarrov slit, or if gaa oaimot be used the ilame of ui 
oil lunp with a flat wick, or a spirit lamp in which the spirit 
is mixed with a little torpentiQe, bo as to render the flame 



The stream of air must be continuous, not in jerks or pnfis: 
in order to effect this, the air most not be forced up direct from 
the longe, bnt the mtnith mnst be made a reserroir, and the fbrce 




necessary to expel the air mnst come &om the cheeks alonft 
This arrangemont will offer no impediment to the ordinary 
breathing, and a littJe practice will enable anj one to keep np a 
proper etream for an indefinite length of time. 

If now a gentle stream be directed on to a good-sized flame 
the idiaracter of the flame will be very little changed, hot the 
temp^atnre will be increased. A body held in the middle of 
the flame, in the midst of combitBtible gases and snrronnded by 
glowing particles of carbon, will be in a very &Tonrable position 




FLAME ^OAS-^ CANDLES. 71 

for parting with any ozjgen which it may contain, and therefore 
ihiB kind of flame is called the redwing flame. 

If, secondly, the nozsle of the blowpipe be placed farther in 
Ihe flame, as 8ho¥m in Fig. 36, and a moderately strong blast be 
driven through the flame, 
the flame will consist of 
two portions, a bright In- 
minoos portion aa\ and a 
£unt bine portion h c. The 
combustion is incomplete in 
the portion a a', on account 
of the cooling effect of the 
air which is driven through, 
and consequently this part of the flame has more or less of the 
character of the reducing flame. 

By the tune, however, that the air has reached 6 c it has 
become heated and ready for combustion. In this portion, 
therefore, the combustion is complete ; there is besides an excess 
of hot oxygen in a £ivourable condition for combination, and 
therefore this flame is used for oxidising bodies, and is called 
the oxidising fl^me. 

In Figs. 35 and 36 are examples of a reducing and an 
oxidising flame respectively ; in the one the blowpipe is held 
outside the flame altogether, in the other the nozde is inserted 
into the flame. The substance being reduced in Fig. 35 is 
placed on charcoal, because the charcoal, being heated by the 
flame, is ready to combine with oxygen, and therefore assists in 
the reduction of the metal. 

All the different contrivances for burning oil and gas have 
for their object the supply of the proper amount of air to the 
flame, some of them causing the air to impinge upon the lower 
part, so that the pale portion, consisting of unbumt gases only, 
may be as small as possible, some confining the heated current 
of air surrounding the flame by a chimney, so that the upper 
part receiving a greater supply of oxygen may not smoke. 
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In candles the fuel is bomt in the form of gas. The heat of 
the flame melts the tallow or wax, which then rises np the wick 
in virtue of a mechanical property of surfaces in contact with 
each other, known as cajpiUary aUractum^ and is there conyerted 
into gas and burnt. 



CHAPTER XV. 



Tab term acid was ariginallj applied to bodies which had a 
sour taste, the word acid meaTiing in Latin '^ like yinegar," and 
afterwards became to mean a corroeiTe body also. 

The test of acidity was then considered to be the power which 
a body had of nentnJising the eflfoct of an alkali upon litmns 
and other vegetable colours, and of being itself nentralised by 
an alkali An acid tnms bine litmns red, and an alkali turns 
yellow turmeric brown, and restores the bine colonr to litmus 
preTionsly reddened by an acid (see p. 38). But an acid and an 
alkali can be mixed together so that their combined effect is 
nil upon litmus or turmeric, and the mixture is then said to be 
neutraL 

When oxygen was discovered, the properties of acids were 
attributed to that body, as all the acids then known were found 
to contain oxygen. Hence the name oxygen, or << acid-maker," 
was given to it ; and hence, too, those oxides which have been 
mentioned in chapter vi. as forming acid solutions in water, 
were termed anhydrides, as they were considered to possess the 
essential part of an acid in them, which only needed the presence 
of water to become manifest. The discovery, however, of the 
body now called hydrochloric acid presented a difSculty in the 
way of this theory, which was met by assxuning chlorine to be 
an oxide of a body termed murium, and hence the acid was 
called muriatic acid, a name by which it is still known. But 
the discovery of iodine and bromine, and the acid compounds of 
hydrogen which they form (chapter xi.) overthrew the theory 
altogether, and it was then that chemists remarked that the one 
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body oonunon to all acids, the loss of which destroys their pro- 
perties, is not oxygen, bnt hydrogen^ as is illustrated in the 
subjoined list : 



Hydrogen -| Hydrochloric acid. 
Chlorine J (CWoridee.) 



Hydrogen I Hydrosulphnrio 

add. 
Sulphur I (Sulphides.) 



Hydrogen " 
Nitrogen — 
Carbon 



Hydrocyanic acid, 

or Pnuslo acid. 

(Cyanides.) 



Hydrogen ~ 
Chlorine — 
Oxygen _ 
Hydrogen " 
Sulphur - 
Oxygen _ 
Hydrogen " 
Nitrogen — 
Oxygen _ 



Chloric acid. 
(Chloiates.) 



Sulphuric acid. 
(Sulphate*.) 



Nitric add. 
(Nitrates.) 



There are certain bodies, one of which is the hydrate of 
potassium, which react upon acids by exchanging a metal for 
hydrogen, forming a salt of the acid and water, thus : 



Hydrochloric 
acid. 



Hydrate of 
Potassium. 



Again; — 



Nitric acid. 



Chlorine 



Chlorine 



Hydrogen ^ 

" Potassium ^ 
- Hydrogen — 

_ Oxygen — 




] 



>l Potassium 
'^ Hydrogen 
Hydrogen 
Oxygen ^ 



Chloride of 
Potassium. 



Water. 



Hydrate of 
Potassium. 




Nitre, or 
Nitrate of 
Potassium. 



Water. 
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The oolanm on the left represents the bodies heforBf that on 
the right represents them after the reactions (page 52). 

In these reactions hydrogen and potassinm change places, 
and, consequently, in potassinm hydrate there is half as mnch 
hydrogen as in water. 

A reaction in which both bodies are changed by mntoal 
action, is often called a doMe deeompasUion, 

A salt, then, is the result of exchanging hydrogen in an acid 
for a metal, and the name of a salt is made to indicate from 
what particular acid it is derived. Thus, a salt derived from 
hydrochloric acid is called a chloride, from hydrosulphuric acid 
a sulphide, from sulphuric acid a sulphate, from nitric acid a 
nitrate, and so on. If the salt or acid contain oxygen, the last 
two letters are <6 ; if not, they are de. Of those which end in 
to, if there are two or more acids made up of the same com- 
ponents, but containing different amounts of oxygen, the salt 
derived from the acid which contains the most oxygen usually 
ends in ate; the next in order, tie; the next ends in tfo, and has 
also the prefix hypo, ^us there are three acids all containing 
hydrogen, phosphorus, and oxygen — phosphoric acid, phos- 
phorous acid, and hypophosphorous acid. The salts of the first 
are called phospho^e^; of the second, phospht^e*; and of the 
last, J^Kpophosphttef. 

One of the reasons which led chemists of former days to con- 
sider anhydrides as acids without water, was the fact that they 
have an acid taste. But this no doubt is due to the &ct that 
when they are placed in the mouth they come in contact with 
moisture, and, consequently, an acid is formed there. An anhy- 
dride—carbonic anhydride, for instance — ^will not redden dry 
litmus paper, but hydrochloric acid gas will do so with ease. 

An acid, then, may be described as a body which, firstly, 
contains hydrogen and is capable of reacting with hydrate of 
potassium, exchanging hydrogen for a metal, while at the same 
time water is formed ; which, secondly, changes the colour of 
blue litmus to red; which, thirdly, causes effervescence with 
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carbonate of potassium or sodinm. The effervescence in the 
last case is dne to the evolntion of carbonic anhydride, and is 
caused thus : A carbonate is a salt of carbonic acid, which is a 
very feeble add, and is capable of being turned out of its com- 
pounds by almost any other acid. Carbonic acid, then, is first 
formed, and the greater part of this is at once decon^sed into 
carbonic anhydride and water, the gas coming off in bubbleSi 
(See also page 28.) 



Oarbonate of 
Potaasium. 



Hydroohlorio 
Aoid. 



and then 



Carbon 

Oxygen 

Potassium' 

Hydrogen 

Chlorine 




Carbo lic 
Acid. 



Carbon 



Oxygen 



Hydrogen 



Carbon 
Oxygen 

Hydrogen 

Potassium" 
Chlorine 




Carbonio 
Acid. 



Chloride of 
Potassium. 



Carbonic 
Anhydrida 



Water. 



CHAPTEE XVI. 

SULPHATES — SULPHIDES-- HITB AXES — OHLOBIDES. 

Bomb of tbe most important acids will now be enmnerated 
together with their principal salts. 

SuLFHUBic AoiD is a dense, colourless, oily-looking liquid, 
most stron^y corrosiTe, and with a powerful attraction for 
moisture. When mixed with water, great heat is produced, 
indicative of the &ct that it combines chemically with the 
water, and is not a mere solution. So strong is its attraction 
for water, that it will attract the water-gas from the air, and is 
therefore used by the chemist to dry air or gas when it is 
required free from moisture. Of course it can only be used 
when the gas has no action on the acid. For instance, it may be 
used to dry hydrogen (see page 7, where the drying-tube 
referred to contains fragments of pumice stone moistened with 
sulphuric acid), but it is not available for drying ammonia, as 
anmionia will be absorbed by the acid, and form a salt named 
sulphate of ammonium. Wood was said on page 20 to consist 
of carbon, and of oxygen and hydrogen in the proportion to form 
water. If a splinter of wood be dipped in strong sulphuric acid 
it will be charred, the acid separating the water from the wood, 
and leaving the charcoal, which is unacted on by this body. 
Sulphuric add is made in large quantities for various chemical 
purposes, both in England and on the Continent, thousands of 
tons being manufactured every year. Sulphuric acid consists 
of hydrogen, sulphur, and oxygen, and is thus formed : 

When snlphur is burned in air, a pungent gas is produced, of 
considerable bleaching power, known as sulphurous anhydride. 
When this anhydride dissolves in water it forms sulphurou# 
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acid, a body which containfi less oxygen than solphiiiie acid. 
If^ howerer, this gas be brought in contact with moisture in the 
presence of one of the higher oxides of nitrogen, it becomes 
oxidised at the expense of the oxide of nitrogen, and then 
forms sulphuric acid. 

To effect this action on a large scale, snlphnrons anhydride is 
formed by burning snlphnr or iron pyrites (sulphide of iron), 
and is conducted, together with one of the oxides of nitrogen, 
into an immense leaden chamber, into which jets of steam are 
also issuing. There the acid is formed. 

Sulphate of sodium, or Glauber's salt, is manufactured in 
large quantities in the preliminary operations necessary for the 
production of soda (carbonate of soda). 

Sulphate of copper is a beautiful blue crystalline body, 
formed by boiling copper in sulphuric acid, and is used in 
dyeing, especially in calico printing, and for agricultural pur- 
poses. 

An experiment can be made with sulphate of copper to show 
that in the different sulphates the different metals are united to 
the sulphur and oxygen with different degrees of force. If some 
of this salt be dissolyed in water, and the blade of a knife be 
held in the solution for a few minutes, on taking it out the 
blade will be found to be covered with a red coat, which is 
metallic copper. This has been separated from the acid, and 
its place taken by iron from the knife, the sulphate of iron 
resulting from this change becoming dissolved in the water. 

This process has been used on an extensive scale for the 
extraction of copper, hundreds of tons of iron being dissolved in 
pits containing a solution of sulphate of copper, sulphate of 
iron and metallic copper being formed in the process. 

Sulphate of calcium is the most abundant of all the sulphates, 
and being found in large quantities near Paris, whei^e it was 
first used as a plaster, has received the name of plaster of Paris ; 
it is sometimes also called gypsum. 

The forms in which this substance is found in nature are 
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often azoeedingl J beantifiiL Alabaster, which is cut into vases 
and ornaments, is one of them ; another is satin spar, so named 
from the delicate white fibres in which it is arranged. 

Sulphate of calcium in the form of gypsum is combined with 
water, about a fifth of the weight of gypsum being due to water. 
The water can be driyen off by heat, bnt will again combine 
with the salt and form a solid mass. This is turned to account 
in making plaster casts. The powdered sulphate, from which 
the water has been expelled, is dropped into a basin of water 
until some of it remains dry at the top and no longer sinks to 
the bottom, and is then stirred and kneaded with the fingers for 
a few minntes. Soon the mixture becomes pasty, and is then 
run into moulds, the interior of which have been washed with 
soapHBnds to prevent the cast from sticking, and in a very short 
time the whole will become a solid mass, which, in the course 
of a few honrs, will be quite dry and free from moisture. In 
this process the water does not pass off to any great extent into 
the air by evaporation, as it does when a wet cloth is dried, bnt 
becomes part of the solid material itself. 

Sulphate of calcium is the cause of permanent hardness in 
water ; this will be again referred to in the chapter on soap. 

Alum is a sulphate ; but in this salt the hydrogen of the acid 
is replaced partly by potassium and partly by aluminum, and 
alum is consequently termed a double salt. 

Sulphate of magnesium- is the medicine known as Epsom 
salts. 

Three of the sulphates are called in common language 
vitriols ; sulphate of copper is blue vitriol, sulphate of iron is 
green vitriol, and sulphate of zinc is white vitriol, from the 
colonrs which these bodies have respectively. 

Hydrosulphuric acid is a compound of hydrogei} and sulphur ; 
it is a gas with the smell of rotten eggs, which bums in air, 
forming* water and sulphurous anhydride. It is obtained by 
acting npon proto-sulphide of iron with sulphuric add, and is 
usually kept in solution, as water dissolves it freely. 
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There are two Bulphides of tm, one of which, the bisulphide, 
is the body called fnoMie gM. It is used to imitate bronze, 
and is yalned for this purpose, because scarcely any acid will 
act upon it. 

Sulphide of arsenic is a yellow substance used as a pigment. 

Sulphide of silver is chiefly interesting because it is the 
tarnish formed upon silver in rooms where gas is burnt, hydro- 
sulphuric add being often present as an impurity in coal gas. 
A silver spoon cannot be used for eating eggs, because the eggs 
contain more or less hydrosulphuiic acid (the cause of the smell 
of rotten eggs), which acts upon the silver. Egg spoons are 
usually, therefore^ gilt, gold being unacted on by this acid. 

NiTBio Aon> is formed by heating nitrate of sodium or potas- 
sium with sulphuric acid, when sulphate of the metal remains 
in the flask, and nitric acid distils over as a nearly colourless 
limpid liquid. For this purpose an arrangement similar to that 
represented in Fig. 32 may be used. 

Nitric acid is an extremely corrosive add, staining the skin 
and animal textures yellow, and dissolving most metals, with 
the exception of gold, platinum, and one or two very rare sub- 
stances. 

The most important of the salts of nitric acid is the nitrate 
of potasdum, or, as it is generally called, nitre^ or sometimes 
saltpetre. This salt is found native in condderable quantities, 
especially in India ; but a large amolmt is prepared artifldally 
from animal refuse, by a process called nitrification. The 
principal use of nitre is in the manufacture of gunpowder, of 
which it is a most important constituent. Gunpowder is a 
mixture of nitre, sulphur, and carbon, in various proportions 
according to the purpose for which it is intended, and its 
properties depend upon the fact that it contains in itself the 
materials necessary for its combustion, and that it produces 
very rapidly a quantity of gas more than a thousand times as 
bulky as itself, which consists for the most part of nitrogen, and 
of carbonic anhydride or carbonic oxide, according to the pro- 
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portioiiB in ^diich the diffisrent constiiiienta of the powder are 
nuTed. The nitrogen and o^gen ue derived from the nitre. 
When a spark is applied to the powder, the heat is niiBcient to 
ignite the grain npon which it fidls, and tibds gitin in burning 
prodnoea heat enongh at onee to kindle the grains in contact 
with it, and thns tiie chemical action is almost instantaneooslj 
commnnicated through tiie whole mass. 

Nitre is also largely used in agricoltore as a manure, snp- 
pljing the growing plants with nitrogen, and some of the 
constitnents of the soil with oxygen. 

Nitrate of silver is a white crystalline salt, used in photo- 
graphy, and in making indelible ink, on acconnt of the action 
which light has npon it. The stains of this salt can be removed 
from the fingers or from linen by a solution of cyanide of 
potassium or hyposulphite of sodium. The Iv/nar caustic used 
by surgeons is nitrate of silver, heated until it melts, and then 
run into moulds, so as to be used in the form of sticks. 

Hydrochloric acid (see page 61) is obtained from conmion 
salt by acting upon it with sulphuric acid, the result of the 
reaction being sulphate of sodium and hydrochloric acid. It is 
usually kept as a solution in water, which solution will dissolve 
most metals, with the exception of gold and one or two others. 
Gbld, however, may be dissolved by this acid if a few drops of 
nitric acid be added to the liquid, and the mixture is termed 
aqua regia, or ** royal water,'' from the cizeumstance that gold 
is considered the king of metals, and can be dissolved only by 
this mixture. 

Chloride of sodium, the most important salt of this acid, has 
been described on page 53. 

There are two chlorides of mercury, one of which, calomel, 
is not dissolved by water; the other, corrosive sublimate, is 
easily dissolved, and it contains twice as much chlorine as 
calomel. Calomel is much used as a medicine, while corrosive 
sublimate, probably because it is so easily soluble, acts as a 
very irritant and powerful poison. 

G 
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The cUorides generally are much used in medicine, and owe 
their efficacy chiefly to the power that they have of decomposing 
hydrosulphurio acid and 8ul|)hide of ammonium, which are 
often the products of an unhealthy body. The chlorine takes 
the hydrogen from these substances, and by thus breaking them 
up renders them harmless. 

The chloride of lead is one of the most valuable deodorising 
substances known, and owes its power to the same circumstance, 
namely, the decomposition of bodies containing hydrogen. It 
is, however, dissolved only to a small extent by water ; but a 
sufficiently strong solution may be prepared by dissolving some 
nitrate of lead (a soluble salt) in water, and then throwing into 
the solution some chloride of sodium. Chloride of lead is thus 
formed, and is held to a certain extent in solution, the excess 
giving the fluid a milky appearance. The water will become 
only dightly milky if enough water is used, but this milkiness 
will soon settle, and the solution will then be ready for use. 



CHAPTER XVII. 

OYANIDES — ACETATES — 0ABB0NATE8. 

Pbubsio or hydrocyanic acid, the body referred to in the eighth 
column of the table on page 23, is a colourless, transparent! 
and very volatile liquid. It is intensely poisonous, and con- 
sequently dangerous to deal with ; experiments upon it ought 
always to be conducted before an open window, and it should be 
used in very small quantities. It bums with a purple-tinted 
flame, resembling that of cyanogen (page 88), forming water, 
carbonic anhydride, and nitrogen. A gallon of this gas in 
burning produces a gallon of carbonic anhydride, half a gallon 
of nitrogen, and half a gallon of water-gas ; consequently, the 
constitution of water and carbonic anhydride being already 
known (pages 24 and 80), it may be inferred that a gallon of 
prussic acid contains half a gallon of hydrogen and half a 
gallon of nitrogen, together with as much carbon as there is in 
a gallon of carbonic anhydride. 

Prussic acid is obtainable from peach kernels and bitter 
almonds, and from laurel leaves, peach blossoms, and many 
other plants. Its odour resembles that of cyanogen. 

The iron salts of this acid are remarkable for their brilliant 
colours, Prussian blue being among the number ; but their com- 
position is not so simple as the salts of other acids hitherto 
mentioned, and is too complex and difficult to be entered into in 
this treatise. 

Acetic add is the acid contained in vinegar, and consists 
of carbon and of hydrogen and o^gen in the proportion to 
form water. Strong oil of vitriol or sulphuric acid turns it 
black, taking away the hydrogen and oxygen in consequence 

o 2 
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at ite powerful afSni^ for water, and leaTing tbe black oaibon 
free. 

Ajjetio acid ia prepared from aloohol by adding to it oxygen, 
or, in otber words, oxidising it. On tbe continent wine is 
generally nsed in making vinegar (hence the French word mi»- 
aigre), but in England malt is used. For this purpose tbe wine 
is exposed to a gentle beat in large casks, having a small bole 
at tbe top to admit air. A ferment is added to promote the 
change more rapidly. The amount of acetic acid in Tinegar is 
very small, a bnndred gallons of yinegar containing from two 
to five gallons of acetic acid, the remainder being chiefly water. 

Acetate of lead is tbe salt known as sugar cf lead, so named on 
account of its sweet taste. A pretty experiment can be made 



Fig. 37. 




with this salt, in the formation of what 
ia called the lead tree. Dissolve half 
an ounce of the salt in a phial of six 

ounces of water, adding a little good 
vinegar if the solution is not quite 
clear. Fasten in the cork a strip or 
rod of zinc, as seen in Fig. 37. The 
zino will soon appear to have little 
spangles on it, and these, gradually 
branching ont in all directions, form 
a sort of tree, which is made of the 
: replaces the lead in this experiment,' 
forming acetate of zinc, which is dissolved in tbe water. 

Verdigris is tbe acetate of copper, a green-coloured salt used 
in painting, and excessively poisonous. In order to prevent tbe 
formation of this compound, cooking vessels made of copper are 
lined with tin, otherwise tbe food, especially if it contained 
vinegar, would be poisoned. 

' This tree can be made to have different shftpee by a little coafariTonce. 
Faiteu a email lump of zinc to the under side of the cork b; a string through 
the cork. Then fasten to the zino Sne bniaa or copper wire, which cau be 
branched out in various diiectiona. Cryatule of lead will eolleot on these 
8, and give a more perfect tree-ahape tbau the Blip rf zino. 



metal lead. The z 
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Carbonic acid, as was stated on page 28, has never been 
obtained in a state of purity, bnt its salts are many of them very 
important. 

Carbonate of calciun appears in Tarions forms, as chalk, 
marble, limestone (a yaloable material for bnilding), Iceland 
spar, etc., and is the principal constituent of shells and of coraL 

Carbonate of calciun does not dissolve very readily in pure 
water, bat it is held in solution by water which is charged with 
carbonic anhydride. Spring water, which always has more 
or less carbonic anhydride in it, in the neighbourhood of lime- 
stone hills, dissolves a good deal of this substance, which crusts 
over stones and sticks. Caves in these regions sometimes 
present beautiful formations of limestone, from water in which 
it has been dissolved. As water drips from the roof it eva- 
porates, and leaves behind some carbonate of calcium, which 
projects downwards, and gradually becomes a long pointed stick 
very much like an icicle, called a stalactite; at the same time, 
the water which drips on to the floor beneath evaporates, and 
thus a little hillock is formed of the limestone immediately 
below the stalactite, and is called a stalagmite. These forma- 
tions, when they have been going on for some length of time, 
attain a considerable size, and the cave presents a most splendid 
appearance when lighted up, looking like a scene of enchant- 
ment. 

Carbonate of calcium often becomes a serious inconvenience 
in water which is used for boilers; the carbonic anhydride 
is expelled from the water by heat, and the carbonate, then 
no longer soluble, forms an incrustation on the sides of the 
boiler. This may, however, be entirely remedied in water 
which is not intended for drinking purposes, by adding chlo- 
ride of ammonium to the water, in which case carbonate of 
ammonium is formed and is driven off by the heat, while the 
chloride of calcium is dissolved in the water. Another plan, 
invented by Dr. Clark, consists in adding to the water in a tank, 
before it is introduced into the boiler, some hydrate of calcium, 
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or milk of lime. This combines with the carbonic anhydride 
of the water, forming carbonate of calcimn, and the whole is 
there deposited. 

The temporary hardness of water is due to carbonate of 
calcium; it is called temporary hardness, because, unlike the 
hardness due to sulphate of calcium, it can be removed by 
boiling. 

Carbonate of lead is insoluble in water, a fact which is im- 
portant from the following consideration. Drinking water is 
commonly conveyed through lead pipes, and if it be quite pure, 
or at least containing nothing but air in solution, it dissolves 
the lead as oxide of lead, and becomes poisonous. If, however, 
as is generally the case, the water contains carbonate of calcium 
and carbonic anhydride, carbonate of lead is formed, and this, 
forming a crust on the pipe, protects it from further action. 
Thus, where the water is very pure lead pipes must not be used 
to convey it. 

Carbonate of potassium is obtained from wood-ash es, and is 
the substance known in commerce as poUxsh. It is used in 
making soap and glass. 

Carbonate of sodium is prepared from common salt, and is 
known in commerce as soda. It is also used in making soap 
and glass. 

The salts known as the bicarbonates of sodium and potassium 
have only half the hydrogen of the acid replaced by the metal. 

Sal volatile, or smelling salts, is a carbonate of ammonium. 
Its name, sal volatile, is a Latin one, meaning flying salt, because 
part of this substance passes away spontaneously into the air, 
giving it the smell which it possesses. 

As was stated in the chapter on acids, these carbonates offer* 
vesce with acids, giving off a gas which may be found to be 
carbonic anhydride. 

Shells are made chiefly of carbonate of calcium, which is 
taken in by the animal as food, and deposited, after being 
removed from the blood, as an excretion. It may be seen that, 
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in tbe caae of an ojBter-sliell for instance, the shell is formed 
from the inside, and is not deposited by the water from the out- 
side ; for, of the layers of shell, which are easily recognisable, 
the ontside one is the smallest, haying been formed when the 
creature was yonng and small, and the inside one, formed by the 
large and f allnsized fish, is the largest. . 

It sometimes happens that a hen lays an egg without any 
sheU upon it. This is because she has not taken sufficient 
carbonate of calcium in her food ; and care should be always 
taken, in keeping poultry, that they may haye oyster-shells or 
chalk or some other fbrm of this substance to peck at. 

Coral is carbonate of calcium, deposited by yery small animals 
as their skeleton. The animal grows, and makes continual 
additions to the top of its skeleton, while at the same time the 
lower part of its body is dying ; thus a column of coral is built, 
the animal being always at the top. Millions of these little 
creatures, working together, haye formed, in some parts of the 
world, extensiye reefs of coral, but they do not raise their work 
aboye the leyel of the sea ; as soon as they reach the sur&ce 
they die. These reefs, howeyer, in many instances become 
islands, by the continual washing up of materiab from the sea, 
and from broken pieces of coral collecting in the middle of the 
reef. These islands are fertilised by seeds washed up by the 
sea, or brought there by birds, and so become fit for the habita- 
tion of man. Florida, in North America, has been formed in 
this way, and is still gradually growing by the labours of the 
coral sTiimaTs. 



CHAPTER XVIII. 

SILICON — GLASS — 



SiLiooN 18 a body which is chiefly intereBting on account of 
the componndB which it forms with oxygen and with fluorine, 
an element resembling chlorine, iodine, and iHromine in many of 
its chemical properties. 

Oxide of silicon or silica appears in nature in a variety of 
forms, of which quartz, agate, flint, and sand may be taken as 
examples. 

Although silica is not ordinarily soluble in water, nerer- 
theless it is considered to be an anhydride, because there are 
salts known as silicates whose composition is found to cor- 
respond to an acid which would be formed if silica combined 
with water. This yiew is strengthened by the fact that it is 
possible to obtain a solution of silica in water, which has a 
feebly acid reaction on litmus paper. The way to do this is 
rather complicated, but instructive. Some carbonate of sodium 
is fused in a crucible over a furnace, and finely powdered silica 
is gradually dropped into it. Effervescence takes place, carbonic 
anhydride is given off, and a silicate of sodiiun is formed. If 
enough silica is added to decompose all the carbonate, when 
the product is dissolved in water, a solution of silicate of sodium 
is obtained. This must be largely diluted with water, and 
some of it added to a strong solution of hydrochloric add. The 
result will be that the silicate will be broken up, and there will 
be in solution hydrochloric acid (which is in excess of that 
required to effect the decomposition of the silicate), chloride of 
sodium, and silica. 

The silica may be now separated from the acid and salt by a 
process called osTnosis, 



Fig. 88. 
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The Bolntion is placed in t. ixmy of parcIuDent batened to % 
hoop, and floated on mter for serend days. At the ond of that 
time the acid and ealt will he found to have passed through 
the parchment into the water ontuide, and the silica will be left. 
The oanse of this is not ret; well understood, bnt it belongs to 
a doss of phenomena investigated by Oraham, and called by 
him oamosis, finnn a Greek word meaning 
"incise," in which it is observed that 
some snbel«noes have a much stronger ten- 
dmcy to pass through a porouB partition 
than otiiera. This may be well illnstrated 
by the following experiment represented in 
Fig. 88: bisajarwhoBebottomoonsistsof a 
porous membruie, and which is in oommnni- 
cation at the t(^ with a straight glass tube, 
aa. ThejarisfilledwithspiritBof wine,and 
is suspended in a vessel n n containing water. 

Oiadually the water will enter the jar 
and cause the spirits to rise in the tube 
until it is quite full, overcoming the weight 
td the fluid, and the hydrostatic pressure 
which tends to keep the level in the jar the 
same as that in the outside vesseL 

Silica is a very important constituent of 
certain plants. It exists in the stalks of 
grass ; the ashes of the straw of cereals 
are more than half dlioa, bnt the ashes of 
the grain contain very mnch less, amonnt- 
ing, as a rule, to only one or two parts in a 
hundred. 

The silicate of sodium is, as we have jnat seen, soluble in 
water ; the same is true of the silicate of potassium ; and when 
these substances are obtained from their solution they do not, 
like other salts we have met with before, appear in a crystalline 
form, but are perfectly struotareleae like solid jelly ; these are 
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termed soluble glass, and are nsed as a vamisli or yehicle for 
the oolonr in certain kinds of pictures. The frescoes by Madise, 
in the House of Commons, are treated with a varnish of this 
kind, though the result in this case is not so satisfEMstory as was 
anticipated, owing perhaps to some defect in either the material 
or the mode of its use". Silicate of calcium is not dissolred by 
water, and is crystalline ; but if it is fused or melted with 
silicate of sodium or potassium, a substance is formed which is 
insoluble in water and acids, and at the same time is not crys- 
talline ; this is called glass. 

Window glass is a mixture of the silicates of sodium and 
calcium, and is called crown glass or phite glass, according 
to the way in which it is prepared. The silicates of potassium 
and calcium form a glass which is dif&cult to melt, known as 
Bohemian glass, and is much prized for making certain kinds of 
chemical apparatus, to which it is desirable to apply consider- 
able heat. 

The silicate of potassium mixed with oxide of lead forms flint 
glass, a glass yery easily melted, of which articles in common 
use, such as wineglasses and tumblers, are usually made. 
Coloured glasses are made by adding to the silicate certain 
metallic oxides ; the colour of green bottle-glass, for instance, 
being due to oxide of iron. Enamel is glass mixed with oxide 
of tin, which makes it opaque and white, other oxides being 
added with the tin when it is desired to have a coloured enamel. 

Clay is the silicate of aluminium, a substance which, as it is 
found in nature, forms a paste with water, and can be readily 
moulded into different shapes, but becomes hard and brittle 
under the action of heat. This property makes it available for 
pottery and brick making, for which purpose it has been 
employed among all nations from the most remote antiquity. 

Bricks and flower-pots are made from a common sort of 
clay, which contains among its impurities iron, the cause of 
the red colour of the burnt brick. In the case of earthen- 
ware vessels which are intended to hold wajker, it is not 
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snfficient merely to bake the clay, as it would then be left in a 
porous condition. In order to reilder it impervious to water it is 
glazed, either by dipping it in water containing a quantity of ma- 
terials for forming glass, and afterwards heating it in a furnace, 
or by throwing into the furnace some common salt. This latter 
method is generally used for stoneware, which is a coarse kind 
of porcelain, and the way in which it operates is this. Conunon 
salt (chloride of sodium), although it is not decomposed ordi- 
narily by heat, yet if it is heated in the presence of silica and of 
some substance that will both oxidise the sodium and at the same 
time combine with the chlorine (such as water, or oxide of iron, 
which will oxidise the sodium and form with the chlorine hydro- 
chloric acid and chloride of iron respectively), becomes decom- 
posed. The oxide of sodium unites with the silica in the wafe, 
making silicate of sodium, which with silicate of aluminium 
forms a glass impervious to water, while the hydrochloric acid 
or chloride of iron is driven off by the heat. The oxide of 
iron here mentioned is often present in the clay as an impurity. 

Fine porcelain, or china, is formed from a pure and white 
clay known as kaolin, which is found chiefly in China, although 
it is met with also in Cornwall and on the continent of Europe. 
In making porcelain the clay is intimately mixed with silicate 
of calcium and potassium, so that the glaze is not merely on the 
surface, but is uniformly blended throughout the substance of 
the ware with the material forming the yessel. A superficial 
glaze is added to give the surface a smooth appearance. 

Meerschaum, of which pipes are made, is a silicate of mag- 
nesium. 



CHAPTEB XIX. 

METALS AND THEOt OXIDES. 

Thx metals, about fifty in number, are those elementary bodies 
wbicli by replacing hydrogen in an acid form salts, and they are 
distinguished as a class £rom other elements by certain physical 
properties, one of which is, however, possessed to a certain 
degree by a few of the opposite class. 

In the first place, they are possessed of a peculiar shining 
appearance, which is called the metallic lustre, though iodine, 
and carbon in the form of blacklead, share this property with 
them. They are also opaque to light ; that is, they do not allow 
light to pass freely through them, as glass does. This property 
also is common to many non-metallic bodies. Some of them 
possess in a remarkable degree the property of malleability, or 
of being hammered into very thin leaves, the word malleability 
being derived from the Latin word maUeus, a hammer. The 
most remarkable instance of this is gold, which can be ham- 
mered out so excessively thin that considerably more than a 
quarter of a million of leaves must be laid one upon the 
other in order to measure an inch in thickness. Grold, silver, 
platinum, iron, and copper possess also ductUUy, that is, they 
can be drawn out into very fine wires. Some of the more 
important metals will now be considered, and the methods of 
obtaining them described whenever the process is instructive 
or interesting. 

Ibon is one of the most abundant of the metals, though it is 
seldom obtained chemically pure. The numerous and varied 
tises to which this metal is put render it one of the most valuable 
productions of the world, and one of the most interesting to the 
student of science. The ore from which most of our English 
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iron 18 obtained is called day troMioa«, and is a c a riwn a ie of 
iron mixed with claj, lime, and manj oUier imporitiea. Fran 
it we obtain three distinct clanacB ^ inm, whoae prop erties 
depend mainlj on the amoont of carbon which is present in 
ihem. 

Wrought iron is nearlj pure iron, ahnndred ponnds of English 
wrought iron containing about half a pound of carbon. Steel 
contains rather more carbon, and etui mm still more ; bnt the 
proportion yaries yezy mnch in the two latter varieties, in cast 
iron varying from two and a half to five pounds in a hundred. 

The properties of these three varieties of iron differ very 
materially. Cast iron is brittle, while wronght iron is toogh, 
and will bend. Steel is brittle or flexible, according as it is 
cooled qniddy or slowly after being heated. If red-hot steel 
be plunged into water, and in that manner quickly cooled, it 
becomes brittle, elastic, and extremely hard, almost as much 
so as the diamond; in order to render it more flexible, it is 
then heated again, and allowed to cool slowly, becoming more 
flexible the higher the temperature to which it is raised. In 
this second heating the surface appears of a different colour, 
according to the temperature attained, and by observing the 
colour the workman is able to judge of the amount of heat 
required for the purpose he has in view. Steel for razors is 
heated least, for knives more so, and for sword-blades and 
watch springs most of all; in the last case the steel often 
becomes so flexible that it can be bent double without breaking, 
and yet it is so elastic that it recovers its original shape exactly 
when the pressure is removed. This process is called tempering 
the steel. Wrought iron differs from cast iron in being maUeable, 
ductile, and capable of being welded, that is, two pieces can be 
hammered together when hot so as to form one piece. When 
iron is heated it combines with the oxygen in the air, and a 
superficial layer of oxide of iron is formed on the pieces of hot 
metal, which would interfere with the joining of the two pieces 
of metaL To obviate this some sand is sprinkled over the 



M CHEMISTRY. 

metal, which forms a faaible glass called alag^ by combining 
with the oxide of iron, and this, when the two pieces are 
welded together, is sqneezed out £rom between them by the 
pressnre. 

There are seyeral varieties of cast iron, of which the principal 
are gray^ motUed, and whUe. In the gray and mottled cast iron, 
the carbon is not chemically combined with the iron, but is 
simply mixed equally thronghont the mass, and in the mottled 
iron may be easily seen in small Imnps or grains of graphite. 
In white cast iron, on the contrary, the carbon is chemically 
combined with the metal, and this form is more brittle and 
fusible than the others. 

Gray iron is soft enough to be turned on a lathe, and when it 
is broken the iron appears arranged in little grains ; its structure 
is therefore said to be granular. It is chiefly used for foundry 
purposes. If after being melted it is quickly cooled, it is con- 
yerted into the white yariety, and this fact is made use of in 
casting shot for cannon. The iron is run into iron moulds, 
instead of sand or earth, and consequently the surfSeuse is rapidly 
cooled, or chiUedy as it is termed, and becomes extremely hard, 
so that it will penetrate yery thick plates of iron without losing 
its shape. 

Besides carbon there is always in iron more or less silicon, 
sulphur, and phosphorus; but as these substances exercise a 
bad effect upon the metal, they are removed as far as possible in 
the process of extraction of the iron. 

As steel and wrought iron are usually prepared from cast 
iron, it will be convenient to consider, first, the way in which 
cast iron is obtained from the ore. 

This operation is technically called smelting, and is conducted 
somewhat as follows. The ore, which consists of carbonate of 
iron, with clay, lime, sulphur, phosphorus, magnesia, and other 
impurities, is first roasted; that is to say, a great heap is 
made of alternate layers of ore and coal, which is lighted and 
allowed to bum thoroughly. By this means the. carbonate of 
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iron ifl deoompoeecl, and oarbonio anhydride is e^wlled, together 
with water, aod the greater part of the solphnr and phoephoros 
The next stage of the process oonsists in removing the oxygen 
of the oxide of iron remaining &om the decomposition ot tht> 
carbonate, and of the other impnrities. To efitet this the roasted 
ore ia heated in the preeenoo of a reducing agent (page 71), and 
a qnanti^ of material called a fiux is broaght in contact willi it, 
which will form a slag with the mt^fuesia, silicon, lime, and other 



Fig. 39. 




impnnties This la effected in gigantic ftimaceB, one of which 
IS represented m Tig 39. The w^^us at the top bnng the 
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materials, which ooiusist of roasted ore, coal, and limestone, and 
these are thrown into the furnace in successive layers. The 
fomaoe itself is lined with good fire-bricks, and is often kept 
lighted for years without going out. Air is driven into the 
furnace through immense blowpipes, one of which is seen at F, 
near the bottom. The melted iron collects at the bottom, G, 
where it is tapped off from time to time, while the impurities, 
forming a slag which is lighter than the iron, float on the 
surfiice, and run out of an aperture in the side of the furnace 
made for the purpose. The chemical changes in the furnace, 
beginning £rom the bottom, are these : 

At F the oxygen of the air blown in combines with the 
carbon of the fuel and forms carbonic anhydride, producing a 
very high temperature. The hot gas rises up through the 
furnaces and heats the contents above. Between E and D 
the carbonic anhydride comes in contact with more fuel, and, 
both being of a high temperature, becomes converted into car- 
bonic oxide (see page 27). Now carbonic oxide is a body which 
will bum if oxygen is supplied to it, and become reconverted 
into carbonic anhydride. This supply is afforded by the oxide 
of iron in the ore. At D, then, the ore gives up its oxygen, and 
the reduced metal sinks down to the bottom of the furnace, 
passing, as it does so, through the fuel which is burning, and 
taking up a small quantity of carbon. The heat produced by 
this action melts the impurities into slag, which also sinks 
down to the bottom. It has been found, that by blowing in 
hot instead of cold air ordinary coal can be used instead of 
coke, and that the quantity of fiiel required to effect the reduc- 
tion of the metal is much lessened, and a great saving effected 
thereby. But as coal contains sulphur and other impurities, 
which are not carried off in the process, the quality of the iron 
obtained is not so good as when coke or charcoal is used. A 
good deal of the carbonic oxide is not converted by the oxide of 
iron, and passes up to the top of the furnace with the carbonic 
anhydride formed in the process, and the nitrogen of the air 
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whieh IB driyen in by the blowpipes, and is not changed. At 
the top the carbonic oxide is often Immt as shown in the 
drawing, and consequently wasted; but sometimes it is led 
away and utilised by being made to heat the air which is to be 
driyen into the furnace. The iron which is run off at the 
bottom is cast in bars, which are termed fig$. 

Cast iron is conyerted into wrought iron by depriying it of 
its carbon, silicon, and other impurities, by oxidising them and 
remoying them as slags. 

The two principal processes are called refining and puddUng, 
In the former process, the pig iron is heated in contact with 
burning charcoal, air being urged upon the fire by a blowpipe, 
as in smelting. In the second, the iron is subjected to the 
action of flame and gases resulting from the combustion of 
carbon, without actually being in contact with the fuel. 

Mr. Bessemer has proposed to substitute for these processes 
one in which cold air is blown into the melted iron, and thus 
the oxidation of the impurities directly effected. But it is 
found to be in practice a much more wasteful method, as a 
large portion of the iron also is oxidised, and therefore lost ; 
neither does the process remoye phosphorus and sulphur, and 
therefore it can only be applied to oast iron free from those 
impurities. 

Steel, which contains a quantity of carbon intermediate between 
cast and wrought iron, is best made from wrought iron by 
adding the proper amount of carbon to it. Mr. Bessemer in- 
troduces the proper amount of carbon by adding to the wrought 
iron made by his process a certain quantity of pure cast iron • 
but generally steel is made by a process called cemerUatiofh 
which consists in heating wrought iron bars in contact with fine 
charcoal for seyeral days. 

A new process for obtaining steel and wrought iron from pigs 
consists in heating them in contact with nitrate of sodium. This 
process, called Heaton's process, effects the oxidation of the im- 
purities quickly and effectually, and is much more economical 
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of iron than the old methods ; but it has not obtained the &TOtir 
with iron-masters that chemists anticipated. 

The two principal oxides. of iron are the red and the black 
oxide. The first is known as rouge, the second as loadstone, and 
both are TalvaUe ores of iron. The red oxide combined with 
water is the rust which forms on the surface of iron in a damp 
atmosphere. 

Nickel is a metal usually fbnnd with iron, and is one of the 
constitnents of Grerman silver, which is an alloy of nickel, 
oopp^r, and zinc. An alloy means a combination of two or more 
metals, which, howerer, differs from an ordinary chemical com- 
pound in consisting of any proportion of its constituents. It 
appears to be intermediate between a mixture and a true 
chemical compound. 



CHAPTER XX. 

XBTAU AND THEIR OXII>BB-amtiN««d. 

Oaloidh. Lime ia the oxide of oaloiimi, obtained b^ heftting 
limestone or oatbonate of caloiam in kilns, into wbioli lime- 
stone and fnel are thrown alternately. Pore lime, or quicklime, 
ia a hard, white anbstaooe, whioh oan be raised to a oonsiderable 
tfflnperatnre withont change ; indeed, it haa nerer hetta fused. 
A jet of hydrogen boming in pnre <aygen, or a jet of hydrogen 
and oxygen mixed in the proper proportions to form water, pij- 
duoes intense heat, and if it is directed npon a piece of quick- 
lime it taieea the lime to a brilliant white heat, causing a 
light of dazzling brightness, which is osed for signolB at sea, 
and for illnminating the stages of theatres. Fig. 10 shows how 
Flg-W. 




this can be arranged. The bottle contains materiala for making 
hydrogen, and the gas whioh issnee from the tobe at the top is 

■ a 



ICO CHEMISTS Y. 

lighted, A Btraam of oxygen is then directed across the flame 
&om the bag on the right aide of the figure, and, a piece of lime, 
not shown in the drawing, is held in the flume. O^ierally, 
however, the gnaee are made to issne both from the same jet, ' 
» special apparatus being need tot the pmpoee, to prevent the 
mixed gaaee bnmiug or exploding before thej reach the month 
of the jet. This light is called the oxyhydrogen or lime-light, 
or BomelameB the Diummond light, &om its discoverer, Lient. 
Dmnunond, B.N. 

QmoUime baa a great affinity lor water, combining with it 
and forming a white powder called hydrate of lime, or alaked 
lime, which is, however, reconverted into qnioMime 1^ heat 
This oircamstance renders it ns^il to the chemist for the 
purpose of drying gases ; bnt it most not be naed for carbonic 
anhydride or acid gases, as it absorbs them and forms a salt <rf 
calcinm. Mortar is slaked lime mixed with sand to give it 
hardness and consietenoy. When first made, mortar is soft and 
pasty, bnt grodnally, as the onion of the lime with water becomes 
complete, it becomes hard and firm. The part of the mortar 
exposed to the air absorbs carbonic anhydride and becomes still 
harder, while it protecto the inner portions from inrther change. 
FoTASBiDM and SootDM are metals which resemble one another 
very closely. They are soft lihe cheese, and, when freshly cat, 
ofthe appearance of steel. Th^bave 
snob a strong afOnity for oxygen that 
they will decompose cold water, com- 
bining with the oxygen and setting 
free the hydrogen. The heat deve- 
loped in OoB reaction in the case of 
potassinm is sufficient to ignite the 
hydrogen, if the air is not exolnded 
from it, the flame being tinged with 
a beantiful violet oolonr, due to some 
of the metal which is volatilised, or converted into gas and 
burnt at the same time. Fig. 41 iUnstrates this experiment. 
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The hydrogen set free by sodium will also bum if the metal 
be placed on blotting-paper, to prevent it running about on the 
top of the water and so cooling itself, the flame in this case 
being coloured yellow. 

The oxides of these metals have also an affinity for water, 
combining with it and forming solid hydrates, which in their 
turn absorb water and carbonic anhydride, and form salts when 
brought into contact with acids (page 78). These hydrates 
act powerfully on the skin, and for this reason are termed 
eaiutic potash and soda. They also act upon glass at a high 
temperature, dissolving out the silica, so that none -but common 
glass vessels should be used to heat them in. 

Sodium and potassium are both obtained from their carbonates 
by heating them in retorts with charcoal, sodium being made in 
considerable quantities, as it is used for the extraction of the 
metals aluminium and magnesium. The ease with which these 
metalB are oxidised renders it somewhat difficult to keep them, 
as they cannot even be kept, like phosphorus, under water. 
They are usually preserved in native mineral naphtha, a liquid 
hydrocarbon containing no oxygen. 

ALnMiNiux is the most abundant of all the metals, though it 
never fonns part of living beings, whether animal or vegetable. 
It exists in alum, day, granite, and many natural rocks, and is 
one of the constituents of the emerald, garnet, ruby, sapphire, 
and other precious stones. It has very much the appearance of 
silver, is hard and tough, but is remarkably light, silver being 
about four times as heavy as aluminium ; it can also be readily 
melted and moulded. On this account aluminium is much valued 
for making telescope-tubes and supports for optical instruments, 
and for ornamental work, such as cups and vases, for which 
purpose it is even better in some respects than silver ; for it is 
with difficulty oxidised, and hydrosulphurio acid has no action 
whatever upon it at ordinary temperatures, so that it does not 
easily tarnish. Aluminium is prepared by heating its chloride 
with sodium, the chloride being first made to combine with the 
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ehloride of sodium so as to form a double salt. The ebkride 
of aluminium is obtained by heating the oxide with cbarooal a 
a cnrrent of ohlorine. 

The oxide of alnmininm, or almnina, is foimd native, as the 
sapphire and raby, and also may be obtained by adding ammonia 
to a solation of alnm. Emery powder is impnre almnina. 

IfAGHmuii is a metal resembling almninimn in appearance, 
and is eyen proportionately lighter; but as it tends to oombine 
with oxygen, and will become oxidised in moist air, it cannot be 
applied to the same purposes as almninimn. Nerertheless, its 
affinity for oxygen renders it nsefnl in another way. If raised 
to a red heat in the air, magnesium will bum, giving out as it 
does 80 a light of dazzling brightness, which is found to be of 
the particular quality desirable for photography, and is therefoie 
much used for photographing interiors of houses and places 
where daylight is not available. Magnesium is found in large 
quantities in the form of carbonate, combined with carbonate of 
calcium in magnesian limestone; it is also found in sea-water 
(page 56), in plants, and in animals. To extract the metal, the 
carbonate is treated with hydrochloric acid, and the resulting 
chloride is treated in an exactly similar manner to the chloride 
of aluminium in the preceding page. The metal, after it is 
extracted, is softened by heat, and drawn out into a wire or 
riband. 

Mavoanbbb is interesting only through its compounds, one of 
which, the black oxide, has been abeady mentioned. If this is 
strongly heated it gives off oxygen gas, and is converted into 
another oxide which contains less oxygen. Besides being a 
source of oxygen, this oxide is used for giving a violet colour to 
glass. Manganese also appears like a non-metallic element in 
certain salts, which are called manganates and permanganates, 
the manganese in them answering to the sulphur in sulphates, or 
the chlorine in chlorates. Gondy's fluid, used for disinfecting, 
contains permanganate of potassium or calcium, and depends 
its efficacy upon the ease with which it parts with oxygen 
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Lbad Ib « soft metal, with little teoMilj (that is to say, a 
wire of lead is easily broken), and is obtained from galena, the 
native sulphide of lead, bj heating it in a fdmace in oontaot 
with air. The snlphiir is eventnally burnt, and passes off as 
snlphnrons anhydride, leaving behind metallic lead. 

There are three oxides of lead, containing different amounts 
of oxygen. One, of a yellow cdoar, is called Utharge ; another, 
of a red colour, is used in painting and glass-making; the third 
is of a dark brown. 

The uses of lead are yarions and extensiye. It is used for 
roofing, and for water-pipes. Type-metal is an alloy of lead and 
antimony; shot and bullets are made of lead mixed with 
arsenic;- solder is an alloy of lead and tin; and pewter is an 
«Uoy of the same kind, but of different proportions. 

Tin is a bright white metal, very soft and malleable, which 
does not oxidise easily in the air. Tinstone, the ore of tin, is 
an oxide, from which the metal is obtained by heating it with 
carbon, so as to remove the oxygen. Tinware is iron coated 
thinly with tin by dipping it into molten tin. Ck>mmon pins 
made of brass are whitened by boiling them in a solution of tin 
in tartrate of potassium (cream of tartar), alum, and common 
salt, which leaves a thin coating of tin upon them. 

CoppEB is the only metal, of a red colour. It is malleable) 
ductile, and tenacious, and does not readily oxidise. It is a 
good conductor of heat, and is therefore used for cooking-vessels, 
which, however, are always lined with tin, for reasons mentioned 
on page 84. It is obtained from several ores, chiefly from the 
sulphide or the oxide. The copper sulphide is always associated 
with sulphide of iron and arsenic, and it is first heated in con- 
tact with air until the arsenic is driven off and^the iron converted 
to oxide of iron, which is removed as a slag. The copper 
sulphide is then more strongly heated, until the sulphur is 
driven off as sulphurous anhydride, and the metal left behind. . 

Bbass is an alloy of zinc with copper ; Bronze an alloy of 
copper and tin. 
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There we two oxidee of copper, of wldeh the blade oxide ii 
used in chemistry for the analysis of organic bodies containing 
hydrogen, which it remores by giving up its oxygen to combine 
with it and form wato*. 

Znro is a blnish-white metal, which does not oxidise easily in 
the air, and is therefore used for roofing, the lining of sinks, 
refrigerators, etc. It is brittle at ordinary temperatures, but it 
has been lately found to be mailable at about 130° Fahrenheit, 
which* has rendered it available for the purposes mentioned; 
aboye this temperature, however, it again becomes Mttle, and 
cannot be worked. 

The ores of zinc are the sulphide {Jl}lende\ the carbonate 
{c(dam%ne\ and the oxide. Blende and calamine are heated in 
contact with air, so as to convert them into the oxide, which is 
then heated with carbon to expel the oxygen, and the zinc then 
passes over as vapour and is condensed. 

Absbkio is a lustrous, brittle metal, distinguished by the 
excessively poisonous character of its compounds, which renders 
any examination of them dangerous, unless unusual care be 
taken by the manipulator. 

Some of the compounds are very brilliant in colour, and are 
used often in green papers, and in wreaths for ladies' hair, in 
consequence of which illness and even death have resulted 
from tiie absorption of some of the poison into the system. 

The powder sold as vohUe arsenic is an oxide of the metal, and 
being sometimes mistaken for sugar or salt, it has thus caused 
many untimely deaths. 

The importance of being able to detect small quantities of 
this substance with ease and certainty will be obvious to every 
one ; and fortunately the properties of arsenic and of one of its 
compounds are sufficiently remarkable to enable this to be 
done. 

If any substance is thought to contain arsenic, a little of it 
should be placed in a test tube with some water and a few drops 
of hydrochloric acid, and boiled. If a clean piece of copper 
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riband be held in the liquid for a few momenta^ a dark-graj 
deposit will be formed upon it, if ansenio be present. A piece 
of the coated copper ahonld then be dropped into a tube like 
that represented in Fig. 42, and heated, when metallic arsenic 
will pass off in Tapoor from the copper, and be deposited in a 
Instrons ring in the cool part of the tube, as at e. 

Another good and instmctiye method is to ponr a little of 
the solution in hydrochloric acid, into a bottle in which 

Fig. 42. Fig. 43. 




hydrogen is being made. The hydrogen shonld be lighted as it 
comes out of the bottle, for the oomponnd of arsenic which is 
formed is exceedingly poisonoas to breathe, bat is decomposed 
by heat. A piece of cold porcelain held in the flame, as shown 
in Fig. 43, will, if there be arsenic present, have a deposit of 
the metal upon it, which will be Instrons, easily driven off by 
heat, or dissolved by a solution of bleaching powder. The 
metal arsenic, when heated, passes off as vapour without melt- 
ing, a process called 9ublimation, 

Antihont is a metal very closely resembling arsenic in its 
properties, and may be detected by a similar test, the difference 
between the two being that in the case of antimony the deposit 
is not so lustrous, nor so easily volatilised or turned into 
vapour. Neither is it dissolved by bleaching powder; but it is, 
<m the other hand, dissolved by a solution of sulphide of 
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aaaaomam, which hai no «Sect upon anenic, fmning » liquid 
whioh leKvea a jellow remdne when enponted. 

If vaenio and antimon; are preeent together, when the oopper 
ia heated (Fig. 12), two rings will be formed in the tnbe, one 
above the other. Antiiaonj, not being ao volatile as aneuio, 
irill be deposited firat, and fbrm a ring in a part of the tube 
which ia not quite oold. 

UaBOUBX ia a white metal, having a toilliaiit iiiiianiii loBtre, 
and is the onlj one whieh ia eoauaonlj liquid. It beoranea 
■olid in tha ntliaiii e oold of the Aictio regions, and thet«f<u« in 
the expedituma of Dr. Kane and others to those r^ons ther- 
mometers oontaining meroor; oonld not be nsed. They were 
oUiged to have thermometers containing alcohol, which does 
not become solid even in very great oold, 

Meronry is acmietimos found pnre. It is said that the mines 

in Uexioo were first discovered tltna: A himter as he was 

aaoending a monntajn caught hold of a shrab to assist him ; the 

shrub gave way at the root, and there lan from the gronod a 

Btream of meicnry. It was 

supposed to be liquid silver, 

and therefore received tita 

name of guickeUver. 

This metal is commonly 
obtained &om the sulphide 
of merouiy called cinnabar, 
which varies in oolonr &om 
bright red to brown-red. 
Cinnabar when bright red 
is called vermilion, and ia 
nsed to give a red colour to 
sealing-wax. 

Mercury can be boiled, and passes into vapour. If this be 
done in a teet-tube, the vapour will xondense in the cool part of 
the tube in a ring, which is bright like a looldng-glasa (Fig. 44). 
Lookuig-^aaseB are silvered with an alloy of meronry and tiik 
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Althongli mercniy can be boiled and diBtilled withoni change, 
if it is exposed to a moderate beat in contact with air for several 
days it becomes conyerted into a red powder, which is an oxide 
tof meroury. The red oxide, if heated more strongly, gives ofi 
oxygBB i^ain* This experiment is interesting, as it was in this 
way that the ciwwiist Priestley obtained oxygen, in the year 1774^ 
the first gas ever discoTond ill ehamistry. Fig. 46 shows how the 

Fig. 45. 




experiment may be performed. The red powder is heated in a, 
and is decomposed into mercury and oxygen gas. The mercmy 
▼aponr is condensed in the neck of the retort to a liquid, which 
rans down and collects in &, while the oxygen gas passes along 
the tube e, and is collected in the receiver placed in the pnen- 
matic trough. 

SiLviEB occurs in nature sometimes pure, sometimes an alloys 
or mixtures with other metals, as lead, copper, etc., and some- 
times united with sulphur or some other substance. The most 
&mous mines are in Saxony, Mexico, and South America. This 
metal is very malleable and ductile. It is not so hard as copper, 
nor so soft as gold. 

Gold is not found in nature united with other things, as many 
metals are ; but either pure, or mixed with some other metals as 
an alloy. It is found in rocks, or sands that have been washed 
down hy rivers. 
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PLAxnrox 18 oommonly spoken of as the beayiest of all known 
BubetaDoeB ; but there is another metal, iridinm, found in oom« 
pany with platinnmj which is a little heayier. Platinum has a 
colour like steel. It is yeiy ductile and malleable. No common 
fire can melt this metal ; it can be melted, howeyer, by the heat 
of the oxyhydrogen blowpipe. 

Mercury, silver, gold, and platinum haye been called the 
noUe metalsi because when pure and not formed into alloys 
th^ are not tarnished by the oxygen of the air. 

At this point we may gather up our knowledge of oxides, 
which briefly amounts to this. Oxides may be divided into 
three classes, according to their action upon water. The first 
class, called anhydrides, unite with water to form acids, turning 
litmus red ; such are nitric anhydride, nitrous anhydride, car- 
bonic anhydride, sulphuric anhydride, arsenious anhydride, etc. 
The second dass, termed basic oxides, unite with water to form 
hydrates, bodies which restore the blue colour to litmus which 
has been reddened by an acid ; such are the oxides of potassium, 
sodium, calcium, etc. The third class do not combine chemi- 
cally with water at all, but either form neutral solutions or are 
insoluble in water. Such are the oxides of gold, platinum, 
manganese, some of the oxides of nitrogen, carbonic oxide, etc. 
These last are called neutral oxides. 



CHAPTER XXI. 

soLxrrioN — cbtstallisation — allots — 

AMALGAMS. 

Tmi force which causes different sabstances to dissolve in water 
or spirit differs in some important respects from the force which 
oauses bodies ehemkaUy to nnite with one another. In a simple 
solution both bodies retain their distinctiye characters. For 
instance, a solution of sugar in water retains the sweetness of 
sugar and the liquidity of water, a solution of camphor in spirit 
retains the smell and tastes both of camphor and spirit, and the 
same is true of a solution of indiarubber in chloroform. This 
is quite different from the case of a metal dissolyed in an acid, 
where the resulting salt differs altogether from the metal or the 
acid. Simple solution is caused not by chemiccd afi&nity, but by 
a force which is called by men of science adhesion. 

In consequence of variation in the force of adhesion between 
sabstances, there is a great difference in bodies with regard to 
their £Eusilities for solution. It has already been seen how dif- 
ferently the various gases behave in this respect ; for instance, 
while nitrogen and oxygen are dissolved very sparingly in water, 
ammonia and hydrochloric acid are very soluble indeed. The 
presence of oxygen in water is however needful to the life of the 
fish inhabiting the rivers and ocean. They are able to extract the 
oxygen which is disaolved in the water (not that which is chemi^ 
caUy combined with the hydrogen), and so obtain that supply of 
oxygen which is needfdl to the support of all animal life. Salts 
and other solids differ also among themselves almost as much 
as gases. Calomel, for example, which is a chloride of mercury, 
is perfectly insoluble ; that is, not a particle of it can be dis- 
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Bolved in clean water. But corrosiye snblimate, which is also 
a chloride of mercoiy, is yerj soluble. Magnesia, an oxide of 
the metal magnesiamy is insoluble ; but the oxide of the metal 
potassinm is exceedingly soluble, having such an attraction for 
water that if left uncovered it becomes dissolved in moisture 
gathered from the air, and is said in consequence to be deU- 
quucent. This latter oxide can be dissolved in half of its weight 
of water, while lime, which is the oxide of calcium, requires a 
thousand pounds of water to dissolve one pound of it. 

This difference between bodies in regard to solubility is 
often of great use to man for very various purposes. For in- 
stance, lime is used in plastering walls, for which it would be 
of no use if it absorbed water from the air like the oxide of 
potassium. Oarbonate of calcium, which appears in the forms. 
of chalk, limestone, marble, etc., is only very sparingly soluble 
in water, and can therefore be used for buildings exposed to 
the air and rain, while carbonate of sodium is very soluble, and 
is used for cleansing purposes, causing dirt to be dissolved in 
water which would be insoluble without the presence of soda. 

The feeble solubility of carbonate of calcium makes it a 
good material for the shells of fish. It would be very incon« 
venient for them to have their shell houses made of a substance 
which water could dissolve easily ; at the same time, if carbonate 
of calcium were not soluUe, it could not be taken into the 
blood of the animal and so formed into shell. 

When water has dissolved as much of a substance as it can, 
the solution is said to be satwrcUed. This word comes from a 
Latin word which signifies to satisfy. Water is more easily satis^ 
fied or saturated with some substances than with others. Oxide of 
potassium and lime are in strong contrast in this respect ; half 
a pound of water will not be satisfied till it has dissolved a 
pound of oxide of potassium, while a thousand pounds of water 
will be satisfied or saturated with a pound of lime ; that is, it 
takes two thousand times as much oxide of potassium to saturate 
water as it does lime. 
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It may be well to remember in passing tbai wben oxide of 
potassimn or calcium comes in contact with water it conih%ne$ 
with it in the first instance, forming hydrate of potassium or 
calcium, and it is the hydrate which afterwards dissolvea in the 
water. 

Some solids can be mixed very thoroughly with water by 
reducing them to powder, and yet do not dissolve. Galcined 
magnesia is the oxide of magnesium obtained by driving off 
carbonic anhydride from the carbonate by heat, and this will 
mix readily with water, but it is not dissolved. A substance 
that dissolves disappears and nothing can be seen of it, except 
its colour, if it happen to be a coloured substance. The solution 
is dear and transparent, but a mixture is cloudy and opaque. 

As a general rule more of a substance dissolves in hot water 
than in cold, though lime and some of the salts of calcium are 
exceptions to this. Boiling water will dissolve only about half 
as much lime as water which is near its freezing point. Glau- 
ber's salt too has the remarkable peculiarity of being most 
soluble at a temperature about a third of the way between the 
freezing and boiling points of water, its solubility decreasing 
upon either side of this temperature. 

When water evaporates from a saturated solution of a salt, 
or when a hot saturated solution is allowed to cool, some of the 
salt becomes deposited as solid crystals on the bottom and sides 
of the vesseL Hot water dissolves twice as much alum as cold 
water, and when the water becomes cold half of the alum will 
become solid again. If a wire be suspended in the hot solution, 
as it cools the crystals will collect upon the wire. Baskets are 
sometimes made in this way of alum or other crystals ; a basket 
of thin wire is suspended in a hot solution and crystals are 
formed round the wire. 

Oommon salt dissolves as freely in cold as in hot water, and 
in consequence crystallisation is only produced by evaporation; 
that is, the water passes away as vapour into the air, and the 
salt being left reappears in its crystalline state. 



lis CEBMiaTBY. 

The fiiphmfttion of the phemMnenon of Gryskdlifiatioil ib 
not at present known, that is to My, the reason why the particles 
are arranged so as to make sooh yerj smooth snrCaoes and saoh 
straight edges. They are particles so small that they cannot 
he seen even with a powerfdl microscope, and yet, in making a 
dystal, each one takes its right place. Sometimes this arrange- 
ment of particles is qnickly done. The most familiar example 
of this is in water, for sometimes on taking np a pitcher of water 
on a yery cold morning, part of the water turns all at once into 
crystals, which shoot across in eyery direction, and can be seen if 
the water which remains flnid be ponred ont. The explanation 
of the phenomenon is easy : the water in the pitcher during the 
night became freezing odd, bnt it was perfectiy still, and so the 
particles of the water remained still; but shaking the pitcher 
caused their arrangement in a solid crystalline form. 

There is the same quick formation of crystals on a large 
scale in every snowstorm. Glouds are reservoirs of water from 
which snow is made, the water being in the form of fog ; and 
particles of this fog are in a snowstorm continually arranging 
themselves in crystals, and so fall to the earth. 

There are great varieties in crystalline arrangement. Mica 
is arranged in layers which can be peeled off exceedingly thin, 
and is used for windows in stove doors, the pieces employed for 
this purpose being made up of a number of these thin layers. 
Crystals of common salt are exactly square blocks, while 
crystals of Iceland spar are not square like those of salt, but 
sloping. These are but three of the very many varieties that 
occur in the shapes of crystals. Sometimes the same substance 
appears in different forms, as is the case with gypsum, and with 
water itself, the various forms and arrangements of whose 
crystals in snow and frost are very beautiful. 

Some salts require to be united with a certain proportion of 
water before they will crystallise, although this is not the case 
with all. This union is not chemical union, but is something 
of the nature of adhesion, a force similar in kind to that between 
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a salt and tlio water in which it is dissolved. Carbonate of 
calcium crystallises without water, but in crystals of carbonate 
of sodium there is more water than carbonate of sodium, a 
hundred pounds of the crystallised salt containing sixty- three 
pounds of water. Yet the crystals are dry, the water forming 
part of the solid substance. By heating the crystals the water 
is driven off from them, the salt first melting in its own water, 
and the salt is then no longer crystalline, but appears as a powder. 
The water which is necessary for the crystalline form of a salt 
is called by chemists the water of crystallisation. 

Nitrate of potassium, or Saltpetre, has no water in it. If it 
had, it might not answer for making gunpowder. Nitrate of 
sodium has no water in it, and would do for making gunpowder 
as well as nitrate of potassium, were it not for one thing — 
it imbibes moisture from the air. This would not answer for 
gunpowder, for that must be kept dry. A salt which thus 
imbibes moisture is said to deliquesce — a word deriyed from 
a Latin word meaning to melt. A salt, on the other hand, 
which on exposure loses its water of crystallisation, and changes 
from a crystal into a powder, is said to effloresce. Crystals that 
do this have a mealy powder gradually forming on their surface. 
The word effloresce comes from the Latin word meaning to 
flower. It is as if the mineral flowered. 

Many metals show crystals. In the formation of the lead- 
tree described on page 84, lead becomes crystalline, the tree 
being made of crystal joined to crystal. If a bar of tin is bent 
it gives a peculiar sound, which has been called tJie cry of tin 
and is supposed to be produced by the rubbing upon each other 
of the little crystals of which the metal is composed. The 
crystals of tin can be seen beautifully developed by a very 
simple process. Take a piece of ordinary tin, which is a sheet 
of iron covered with tin, and heat it over a lamp till the coating 
of tin melts ; let it cool quickly, and wash the surface with a 
little aqua regia, the acid mixture mentioned on page 81. 

Alloys are mixtures of metals which are united together by 

I 
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a foroe of the same naiare as a solid and liquid in a solution, 
and not. by ehemioal attraction; oonsequentiy the constituents 
of an alloy are not nnited in any definite proportions, but may 
bear any ratio whateyer to one another ; the properties, too, of 
an alloy bear always some relation to those of the metals which 
form it, and are generaUy intermediate to them. For instance, 
type metal formed of lead and copper unites the softness of lead 
with the hardness of copper, and is a snbstance intermediate in 
hardness between those two metals. 

Many of the alloyj have been already mentioned, but there 
are others which are commonly used, and most not be passed by 
unnoticed. 

PurcHBioK, of whidi watch cases are sometimeB made, is an 
fdloy of copper and zinc, containing more zinc proportionately 
than brass, which makes it look like gold. 

ToMBAO is another alloy of copper and zinc, which can be 
hammered into very thin leaves, making a spurious or fedse gold 
leaf. When finely powdered it is called gold bronze. 

There is an iJloy which is sometimes made a source of 
amusement. Teaspoons manufactured from it melt if introduced 
into hot tea. This alloy is composed of bismuth, lead, and tin ; 
the proportions being, of bismuth 8, lead 5, and tin 8. 

The gold and silver in common use are alloys. This is true 
both of money and of the articles made from these metals. 

In the silver coin of England we have an alloy with copper, 
the object of the copper being to make the coin hard, so that it 
will not readily wear out. In 100 parts of our silver coinage 
there are 92^ parts of pure silver and 1\ parts of copper. 
Silver used for other purposes ought to have just this proportion 
of copper, in order to preserve a beautiful white lustre ; for if 
there be more copper, the article made of the alloy will be 
tarnished, in consequence of the copper becoming oxidised when 
exposed to the air. 

Grold is softer than silver, and to harden it sufficientiy the 
gold coin of this country is alloyed with copper in the proper- 
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tion of 11 parts of gold and 1 part of oopp^. Goldsmiths ex- 
press the proportion of pnre gold in its alloy by dividing it 
into 24 imaginary parts, which they call caraiM, If therefore it 
is said of any specimen that it is 16 carats fine, it is meant that 
16 parts out of 24 are pure gold. So if it be said that a speci- 
men is 18 carats fine, it is meant that of 24 parts 18 are pnre 
gold. 

The gold of onr ooinago is consequently 22 carats fine, and 
is called §tandard geld. 

Amalgams are mixtures of meronry with other metals, with 
one of which yon are familiar, namely the silvering on the back 
of glass in mirrors. This is an amalgam of mercury and tin. 
Tin foil, that is, tin leaf^ is first applied all over the glass ; then 
mercury in which a small quantity of tinfoil has been mixed is 
poured upon this, and uniting with the tin makes an amalgam. 

Use is sometimes made of the affinity which mercury has for 
gold, in separating gold from substances with which it happens 
to be mingled. The material consisting in part of gold is 
powdered and then shaken with mercury, when the gold unites 
with the mercury forming an amalgam. Even when the mate- 
rial contains little gold, that little may be thus extracted. The 
gold that is in the dust of jewellers' shops is often leooyered 
in this way. 

In order to recover the gold from its solution in mercury, the 
solution is poured upon a closely-woven cloth, which allows 
most of the mercury to run through, the gold with a little mer- 
cury remaining in the cloth. Then by the application of heat 
this mercury is driven off in vapour and gold is left. 

This is called obtaining gold by the process of amalganuUion, 
a word ycu will often hear applied to other subjects. When 
people agree or unite readily in their views and plans they are 
said to amalgamate, as gold and mercury readily unite. Here 
is an extended use made of a word which was first only applied 
to one thing — a very good example of a way in which language 
is built up and enlarged. 

I 2 



CHAPTER XXII. 

FAT — OIL — SOAP — CANDLES. 

Fat8 and oils are bodies containing carbon, hydrogen, and oxygen, 
and are found in both animals and vegetables. The only dif- 
ference between a fat and an oil is that a fat^s solid and an oil 
is liquid at the ordinary tempeitttures of the air. Of the oils 
obtained from animals, those derived from man and the warm- 
blooded animals are generally solid, while those which come 
from fish and cold-blooded animals are usually liquid. The 
use of fat in the body appears to be chiefly to keep up its tem- 
perature, both by supplying combustible matter to the various 
parts of the frame (fat containing large quantities of carbon),\nd 
also, being a non-conductor of heat, by furnishing a coat as it 
were which shall prevent the heat generated in the body from 
escaping. 

Of fats and oils derived from vegetables the following are the 
best known — olive oil, almond oil, colza oil, linseed oil, palm 
oil, cocoa-nut oil, and castor oil ; of animal fats, sperm oil, cod- 
liver oil, neats' foot oil, lard, which is the fat of the pig, suet, 
which is the fat of the sheep or ox, spermaceti, bees'-wax, and 
butter. 

Oils are not simple compounds, if the expression may hh 
allowed, but are mixtures of at least four other compound bodies, 
three solids and a liquid ; namely, stearin^ pcdndtinj margarine 
and olein. 

Stearin, a name derived from the Greek word for suet, may 
be obtained from mutton fat by heating it with ether, which 
dissolves out the other components of the fat, and leaves the 
stearin in crystalline scales. 

Palmitin is so called because it is found in considerable quan- 
tity in palm oil. 
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Margarin is the solid port of hmnan fat and of oUto oil, and 
is 80 called from its appearance, its name being derired from 
the Gtreek word for a pearl. 

Olein is thie liqmd oonstitiient of fats and oils. 

Oils will not mix with, and are not dissolyed at all by water ; 
bnt if a solution of caustic alkali be shaken np with an oil, it 
forms a milky liqnid in which the oil is mixed with the water, 
and does not separate from it as it does from pure water. This 
liqnid if boiled for some time becomes clear, and when shaken 
np forms a lather. 

The oil nnder the action of the alkali will have undergone a 
remarkable change, of which the following is an explanation. 
Stearin, palmitin, margarin, and olein are compounds of a body- 
called glycerin with stearic, palmitic, margaric, and oleic acids 
respectively ; and when the hydrated oxide of an alkali is boiled 
with them, they are decomposed, the glycerin is set free, and 
the acid forms a salt of the alkali metal which is the substance 
known familiarly as soap. This process of decomposing the oil 
is called saponification, and is carried on on a large scale in the 
manufacture of soap. The stearate and similar salts of the 
alkali are soluble in water, but insoluble in a solution of com- 
mon salt. This fact is made use of in separating the soap from 
the glycerin after saponification of the oil. Strong brine, or 
solution of salt, is added to the liquid, when the soap curdles 
together and rises to the top, and the liquid containing the 
glycerin is drawn off from below. 

There are many kinds of soap dependent on the nature of 
the oil and the metallic oxide used. Hard 8oap$ are salts of 
sodium, soft soaps of potassium. Common soft soap contains an 
excess of alkali, which gives it a more powerful cleansing pro- 
perty than other soaps, and besides has usually not been freed 
from glycerin. Soap has a strong attraction for water, and 
even when hard may contain « third of its weight of water, a 
circumstance which is of advantage only to those who sell it. 
Oommon yellow soap is made of oil and soda mixed with resin. 



118 CHEMISTBT, 

Outile »oap ought to ooxisist of olive oil saponified with soda, 
and coloured blue and red with sulphate and oxide of iron. 
Curd aoap is made of pure tallow and soda, and marine soap of 
coooa-nut oil and soda. Fancy soaps are common soaps coloured 
and perfumed with aromatic oils. Streaked or mottled soaps 
are coloured with metallic oxides, chiefly oxide of iron, and 
as these cannot be properly worked into the soap when it is 
very soft, such soaps cannot contain a very large amount of 
water. 

Calcium, barium, and strontium will also form stearates and 
other soap salts, and will turn out sodium and potassium from 
their soaps ; but the soaps of theso metals are insoluble in 
water, and therefore of no use whatever for the purpose of 
cleansing. What is termed the hardness of water is caused by 
the presence of a salt of calcium, which decomposes washing 
soap, and forms an insoluble soap itself; the calcium soap does 
not form a lather with water, but separates as a greasy scum, 
and not only is of no use itself for washing, but causes a waste 
of the alkali soap from which it is formed. 

Spring water is generally more or less hard, containing 
the carbonate or sulphate of calcitmi. Carbonate of calcitmi 
causes what is termed temporary hardness in water, by wasting 
soap. This salt is very little soluble in pure water, but can be 
dissolved in considerable quantities by water charged with car- 
bonic anhydride. It can be removed, however, by boiling the 
water, as the carbonic anhydride is thus driven o£^ and the car- 
bonate is then no longer soluble in the water, but is deposited 
on the bottom and sides of the vessel in which it is heated. This 
deposit is sometimes a very great nuisance in the boilers of 
engines, as it prevents the conduction of heat from the fire to 
the water. Dr. Clark has introduced a plan for removing 
the carbonate before the water enters the boiler at all. 
Hydrate of lime is added to the water in the tank from which 
the boiler is supplied. This deprives the water of its carbonic 
^mhydride by forming with it carbonate 'of calcium, and therd- 
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fore the carbonate which is in solution is deposited as well as 
that which is formed in the process. 

Sulphate of calcium, however, if present, cannot be removecl 
either by boiling or bj hydrate of lime, and causes a permanent 
hardness of the water. It too becomes deposited on boilers, 
being slightly less soluble at the boiling point than at ordinary 
temperatures ; but it is not removed altogether, and is thereforo 
a very troublesome cause of the waste of soap. 

The so-called stearin candles are in reality made by removing 
the glycerin from the decomposed &ts or oils, and consequently 
are not stearin, but stearic acid and other acids of fat, commonly 
called fatty acids. The glycerin is extracted in several ways ; 
one is to form a calcium soap and remove the metal by sulphuric 
acid, a method employed chiefly on the Continent ; another is to 
bring the fat in contact with steam at a high temperature, when 
the acid and glycerin separate and distil over, which is the 
process employed principally in the manufacture of Price's 
candles ; a third method is to decompose the fiEit by sulphuric 
acid. The acids which are separated are purified and moulded 
into the required shapes. 



CHAPTER XXIII. 

WOOD — 0ELLUX08E — OT7K — STABGH — SUOAB. 

Wood, m was remarked in the chapter upon carbon, consists of 
carbon, hydrogen, and oxygen, the two latter bodies being in the 
same proportion that they are in water. But there is this 
difference between wood and all the other compound bodies 
mentioned hitherto; it is neither a close uniform solid like 
silica in flint, nor a granular substance like dioxide of manganese, 
nor a crystalline body, like a salt ; but it is composed of a 
fibrous substance, arranged in a great variety of ways, which 
forms a yery beautifal object when a thin slice of wood is 
f)xamined with a microscope. The substance which forms the 
basis of wood is called cellulose, and is found nearly pure in 
cotton, linen, and in the pith of the elder and the rice-paper 
plant, the hard portion of wood consisting of this substance 
mixed with resins, silica, or other substances incrusted on the 
walls of the cells of which wood is composed. 

By far the greater part of trees and plants consists of cellu- 
lose ; with the exception of the sap and of the colouring materials, 
the whole — bark, stem, leaves, and flowers — are mainly cellulose. 
A hyacinth growing in water is little else than cellulose filled 
in all its cells with water, the water furnishing the hydrogen 
and oxygen necessary for the growth of the plant, and the 
carbon coming from the carbonic anhydride of the air. Again, 
the framework of fruits is made of cellulose. The juice of an 
orange, for instance, is inclosed in thousands of little bottles, 
which consist chiefly of this substance; the husks of seeds, 
shells of nuts, and the stalks of grass and grain are mainly 
composed of cellulose. 

Cellulose is one of the most important substances in the world 
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to man, a gpreat part of his dothing^ namely, all ootton and 
linen goods, being composed entirely of this body, and paper, 
one of the great aids to civilisation, oonaisting of cellalose 
only. 

Paper is nsnally made from rags, bat is sometimes also made 
partly from esparto grass, and from the stalks of certain rushes 
which contain a very large proportion of cellalose. The rags 
are sorted, cleaned, and bleached by chlorine or by chloride of 
lime, and are then made into a palp with water, which is caosed 
to form a thin film over hot wire or flannel strainers. When 
the film is dry it forms blotting paper, and in order to render it 
fit to carry ink, it is coated with a mixtore of alom and glae 
called nze. Sometimes the size is mixed with the palp, and then 
its composition is somewhat different. 

When cellalose is steeped in a mixtare of nitric and salphario 
acids it becomes converted into a remarkable substance called 
by chemists pyroxylin, and by others guncotton. The cellalose 
becomes nearly doubled in weight, and not much changed in 
appearance, but it will be found to have become explosive, much 
more so even than gunpowder, and may be kept in water for 
any length of time without; losing its explosive character when 
dried. The change effected in the cellulose appears to be the 
substitution of nitric peroxide (page 26) for some of its hydrogen; 
and the products of the explosion are water-gas, carbonic anhy- 
dride, carbonic oxide, nitrogen, marsh gas, and nitric oxide; 
pyroxylin containing in itself, like gunpowder, all the necessary 
elements for its combustion. When guncotton is dissolved in a 
mixture of alcohol and ether, and the solution is allowed to dry 
by evaporation, the pyroxylin is left in a glutinous state and is 
then called collodion, a name derived from the Greek word for 
glue, a film of which is used by photographers for coating the 
glass plates upon which their pictures are intended to be taken. 

If cellulose is heated with strong sulphuric acid it becomes 
converted into dextrin, a species of gum, and finally into sugar. 

Starch is a body composed of identically the same elements 



12S OEXMISTBT. 

in the nine p ropo rt ion aa oellnlofle, bat differs from that body 
in many ways. It eziste in little grains or granules^ which, 
wlien examined with a microsoope, seem to have a little cover- 
ing or envelope. Starch is not dissolved by cold water, but 
if it is boiled the grannies absorb water, swell very much, 
and at last the envelopes bnrst and disappear, leaving the 
starch in the thick pasty condition in which it is nsed for 
stiffening linen. This is the reason why rice, beans, barley, &c., 
swell BO mnch when they are cooked in water or milk. 

Starch is very common in vegetables, and forms a large part 
of the food of man. Three-fifths of the floor of which bread is 
made consists of starch ; most of the solid portion of rice and of 
the potato is starch, and it is fonnd nearly pure in arrowroot, 
sago, and tapioca. 

It may readily be obtained from wheat-flour by mixing the 
flour into dough and washing on a linen cloth with water, 
kneading it all the time. A milky fluid will run through the 
doth containing starch in suspension, and if this is allowed to 
stand, the starch will settle at the bottom. 

If dry starch is heated it becomes converted into dextrin, and 
if boiled with dilute sulphuric acid it becomes first dextrin and 
then sugar. 

Dextrin, the substance known as British gum^ is soluble in 
water, and is used by calico printers for mixing their colours, 
and by surgeons for making their bandages stiff and hard. 

Sugar is another substance found in plants, especially the 
sugar-cane and sugar-beet, and also in the milk of animals. It 
too contains carbon, and hydrogen and oxygen in the propor- 
tions to form water, but the ratio of the carbon to the elements 
of water is not the same in sugar as in starch and dextrin. 
There are several varieties of sugar, of which the most important 
are eane'sugar^ milk-sugar^ and grape-sugar. GaneHSugar is con- 
tained in the juice of the sugar-cane, beetroot, sugar-maple, 
mallow, and in small quantities in fruit and honey, where it is 
mixed with grape-sugar and starch. It is the sweetest kind of 
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gagar, and is, therefme, more luglily prised than other sngarB. 
To obtain the sugar from the canes, thej are crushed between 
rollers, and the juice thus expressed is mixed with a little lime, 
which prevents fermentation, and cancentnted, by boiling and 
evaporation, until the sugar crystallises, while the dark un- 
carystallisable syrup or sio2a«M«, consisting in great part of 
grapeHsngar, is drained away. The raw crystals, commonly 
known as brawn mtgar, are refined by boiling with lime, and the 
syrup is filtered through animal charcoal to decolourise it, and 
is again crystallised. When allowed to crystallise undisturbed, 
sugar becomes a transparent solid, like glass, and if threads are 
suspended in the syrup, large and hard crystals form round them, 
constituting mtgair-Hxmdif. To obtain Voaf-wqwr^ in which the 
crystals are very small, the liquid is continually stirred while 
crystallising. 

Sugar differs from starch in being very soluble in water, a 
pound of water dissolving, when cold, about three pounds of 
sugar. When heated gently, it melts, and on cooling becomes 
a transparent mass known as hatley-sugar. If heated more 
strongly it becomes converted into caramd, a brown, nearly 
tasteless substance, which, under the name of hurtU tugar^ is used 
for colouring gravies and confectionary. If still more strongly 
heated, caramel gives off combustible gases, which bum and 
leave behind a porous mass of carbon. 

Grape-sugar is found in large quantities in ripe fruits, and to a 
certain extent in the blood of animals. It is the sugar referred 
to on the last two pages as being formed when cellulose and starch 
are heated with sulphuric acid, and it may even be obtained in 
large quantities from rags or from sawdust, by treating them 
with oil of vitriol, that is, very strong sulphuric acid, and after 
some hours diluting the liquid with water and boiling for a 
considerable time. After the formation of the sugar, the sul- 
phuric acid may be removed from the syrup by adding chalk 
to it, when sulphate of calcium is formed, which is insoluble 
and is therefore easily removed, and carbonic anhydride is 
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giyen off. If starch is used instead of oellalofie, the acid must 
be dilute. 

The conveision of starch into sugar takes place in the seeds 
of plants while germinating, and in fruits whilst ripening, but 
at the same time dextrin is formed. This is due to the action of 
a peculiar body called ditutase^ about which yery little is known, 
and the process is caHed fermenUiHan, 

A similar process takes place in the human body, whereby 
the insoluble starch of food is conyerted by a ferment in the 
saliva and other secretions of the body into soluble sugar, 
so that it may the more easily be taken up into the blood. 

Though the chemist can convert cellulose into sugar, he 
cannot invert the process and reconvert sugar into cellulose. 
This is, however, performed by plants. Thus sugar-beet and 
turnip are sweetest when gathered early ; if allowed to grow too 
long the sugar is converted into cellulose or woody fibre, and 
they therefore become tough and tasteless. So, also, if grass be 
left to grow too long, the starch and sugar turn to cellulose, 
and the hay is not so sweet and nutritious as it would have 
been if gathered earlier. 

As was mentioned above, charcoal can be obtained from 
sugar by simply heating it ; but a prettier way to do it is this : 
sulphuric acid has a strong affinity for water, and will extract 
the hydrogen and oxygen from sugar, which are there in the pro- 
portion to form water. Put a table-spoonful of strong syrup, 
made with loaf-sugar, into a tumbler set in a plate, and pour 
upon it a little good sulphuric acid. jDonsiderable heat is pro- 
duced, and the sugar blackens and froths out over the sides ot 
the tumbler. When the tumbler is cool, turn the contents into 
the plate, and a good specimen is thus obtained of sugar-charcoal. 

The action of ferments appears to depend upon a species of 
fungus which is present in them, and which must be alive in 
order to produce the effect. If the plant is killed by heating it 
excessively, the ferment loses its power of producing chemical 
change. 
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ALCOHOL — SPIBIIB — WINE — BSEB. 

WoEiT a liquid oontaining grape-sugar, snoh aa the jnioe of 
grapes, is brought in contact with the ferment known as i/eael, 
it nndergoes a change, whereby it loses some of its carbon and 
oxygen, which are given off aa carbonic anhydride, and the re- 
maining constituents remain combined, forming a new compound, 
alctdioL Grape-juice, if exposed to the air at a temperature 
somewhat below that of a summer's day, develops the ferment 
spontaneously, and is turned to wine. Wine, again, if further 
exposed to the air, develops another ferment within itself, and 
becomes converted to acetic acid or vinegar (page 84), The 
wine formed by the fermentation of sngat may be distilled, that 
is to say, boiled until it passes away in vapour, which is collected 
and condensed in a receiver kept cool by water trickling over 
it, as represented in Fig. 16 ; when the portion of liquid which 
Fig. 46. 




first comes over will be, after filtering through animal charcoal, 
a tcdeiably pnre solution of aloohol in water. By repeating 
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the distillation BOToral times, the solution may be concentrated, 
as alcohol boils at a lower temperature than water, and conse- 
quently tends to come away in yapour before the water does. 
But as alcohol has a strong affinity for water, they cannot be 
entirely separated by this means. In order to obtain pure, or, 
as it is termed, abaoluie alcohol, the concentrated solution is 
mixed with quicklime, which has a still stronger affinity for 
water, and allowed to stand for several days. If this mixture 
be then distilled absolute alcohol is obtained. 

It is a colourless Tolatile liquid, burning in air without de- 
positing soot upon cold bodies, and with an acrid taste. It 
has never been frozen, and is therefore much valued for filling 
thermometers which are to be exposed to intense cold. It has, 
when diluted and taken in small quantities, a stimulating effect 
upon the nervous system, but does not afford nourishment to the 
body, nor does it, like oil and fat, serve, at least directly, to 
preserve animal heat ; when taken in large quantities and con- 
centrated it acts as a powerful poison. 

Proof spirit contains about half its weight of alcohol, the 
remainder being water. The name is derived from the old 
method of proving the strength of spirit by moistening gun- 
powder with it and setting it on fire. If the powder was ignited 
the spirit was said to be over proof, but if the powder was left 
damp after the spirit had burned off it was called under proof. 

Alcohol is the basis of all the wines and spirits in common 
use, the difference among them being due mainly to the 
various proportions of alcohol and to the flavour imparted 
by some essence which is either added or extracted in the 
process of manufacture. Brandy ought to be the spirit ob- 
tained from good wine by distillation, but too often it is only 
corn-spirit flavoured to imitate genuine cognac. Corn-spirit is 
obtained by distilling an infusion of fermented grain ; when 
distilled with juniper berries it forms gin ; when the fermented 
grain or malt has been dried, previously to being distilled, over 
a peat fire, whiskey is made. Bum is formed &om fermented 
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molasses; amck is a spirit made from rice* None of these 
spirits are absolute alcohol, but are somewhere near the strength 
of proof spirit, the amoont of absolute alcohol Tarying according 
to cizcnmstances. Spirits when first distilled contain a yeiy 
disagreeable oil, which has to be remoYcd by sereral distil- 
lations, and the spirit then is said to bo rectified. 

In the mannfactnre of wine the grape-jnice is allowed to re* 
main in -vats, where it undergoes fennentation spontaneously. 
If a sweet wine be desired, the process is stopped before all the 
sugar has become converted, a dry wine being formed when the 
process has completely transformed all the sugar of the grape. 
£fferYescing wines, such as champagne, are formed by bottling 
them before fermentation has quite ceased, and, if they are 
intended to be sweety adding cane-sugar to thenu The amount 
of alcohol in different wines yar'es Tery much, port wine con- 
taining about a quarter of its Tolnme of absolute alcohol, while 
Tokay contains only about a tenth of its volnme. The strength 
of the wines in ordinary use come in the following order ; Port, 
Madeira, Sherry, Claret^ Burgondy, Champagne, Hock, Goose- 
berry. 

When grape-juice is fermenting an acid substance known as 
tartar is formed, which consists principally of the tartrate of 
potassium. This substance is soluble in water but insoluble in 
alcohol, and consequently becomes deposited. The crust of old 
port wine oonsiBtB chiefly of this substance, which has become 
deposited on the bottle in consequence of the gradual increase of 
the quantity of alcohol in the wine by slow fermentation after 
it is bottled and laid by. Other juices, such as currant or goose- 
berry juice, form similar substances when they ferment. But 
these are not so insoluble in alcohol as grape-tartar, and conse- 
quently make the wine taste sour. To prevent this sour taste, 
or rather to hide it, sugar is added, which however renders 
the wine liable to ferment and injures its quality. 

Beer is an alcoholic liquor obtained from grain, containing 
a less amount of alcohol than wine. Grain, generally barley, is 
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Bteepod in water until it is soft, then drained and spread out on 
a floor and allowed to germinate or grow. During the growth 
diastase is formed, and some of the starch of the grain is in con* 
sequence oonverted into sugar. After a day or two the grain is 
dried by heat, which also effects the conversion of the remainder 
of the starch, and it is then called nudt. If the heat has not 
been very great the malt is pale in colour, and is used to make 
pale ale ; if the heat has been considerable, some of the sugar is 
converted into caramel, and the malt is of a dark colour, and is 
used for making porter and stout. The malt is crushed and 
stirred up in a tub with water, and allowed to settle. The 
liquor, which is called gwe^ toortj is then boiled with hops in 
order to get a bitter flavour and prevent it from turning sour, 
and afterwards rapidly cooled. Teast is then added, and it is 
allowed to ferment. Before however the change is complete, the 
yeast is separated, and the beer drawn off into casks, where the 
process of fermentation is continued very slowly, and the beer 
becomes stronger and less sweet. 
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CHAPTER XXV. 

OLTTTEN — ALBTTMEN — CASEIN. 

Whbk, in chapter xxiii., starch was obtained by washing dough, 
a gnmmy substance was left on the cloth, which the water did 
not carry away. This snbstance is called gluten^ and is com- 
posed of carbon, hydrogen, oxygen, and nitrogen. It is this 
body which gives firmness to bread, which, if gluten were not 
present, would be crumbling and brittle. For this reason, 
when cakes are made from rice, a certain proportion of flour 
is added, rice itself consisting chiefly of starch. 

The water, too, which has run through the cloth with the 
starch, contains in solution another substance which it has 
obtained from the flour, and which may be made manifest by 
simply boiling the water after the starch which settles down has 
been removed. This snbstance is named aJhumen, and is iden- 
tical in its composition with the white of egg, consisting of 
carbon, hydrogen, oxygen, nitrogen, and sulphur. The amount 
of it in flour is very small in comparison with that of the starch 
and gluten. Albumen exists in two forms or states, one of which 
is soluble in water, and the other insoluble. In eggs and in 
flour it is naturally in the soluble form, but is converted 
readily into the insoluble form by heat, when it becomes white 
and opaque instead of transparent, and tough and leathery 
instead of fluid. This change, which is called coagulation^ is 
effected in the albumen of eggs which are cooked, and also in 
the albtmen of baked bread, from which it cannot therefore be 
extracted by water as it can be from flour. 

When moist, both gluten and albumen are liable to decompo- 
sition, the latter giving off as one of its products hydrosulphuric 
acid, as was mentioned on page 80. 
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The water from whioh the albwnen has been abstracted by 
boiling oontaina a very small porticm of grape-sagar and 
dextrin, which is not separated by the heat formed by the con- 
version of some of the starch in the grain from which the floor 
is obtained. This sugar is an important constitnent of flour 
for making bread* 

Bread is made by mixing flonr with lukewarm water and a 
little salt, kneading it into dough with yeast ; it is then set 
by for a time. The yeast causes the sugar to ferment, con- 
verting it into alcohol and carbonio anhydride, and the gas 
being given off in the interstices of the dough causes it to swell 
up and renders it porous. When the dough has men suffi- 
ciently more flour is kneaded with it, and it is transferred to 
an oven, where the heat stops tiie fermentation by destroying 
the vitality of the yeast plant, and at the same time expands 
the gas and rendeiB the mass still more porous and light. The 
alcohol which has been formed in the fermentation of the sugar 
is expelled by the heat of the oven, together with much of the 
water with which the dough was made. Some of the water 
is however retained, and swells the starch, which in the inte- 
rior of the loaf is otherwise unchanged by the baking. The 
exterior of the loaf or crust becomes dry and hard, and is 
converted into a substance somewhat resembling caramel, or 
burnt sugar, the same which is formed on the outside of bread 
that is toasted. 

Moist flour exposed to the air for some time generates in 
itself a ferment, and its starch becomes thus changed to sugiir. 
This is leaven; and a small piece of such fermenting dough is 
capable of inducing similar fermentation quickly in lar^ 
quantities of dough, and was the material employed in ancient 
times for raising dough before yeast came into use. It is the 
substance referred to in Scripture, where it is said, *^ A little 
leaven leaveneth the whole lump." 

The colour of brown bread is generally attributed to the 
presence in it of bran, or the busk of the com. But this is not 
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altogether the oaae. It depends pftrdy too upon the fact that in 
inHerior corn more of the ataroh has become conrerted into 
sugar than in that employed for making white bread, and the 
heat again converts the sugar into a species of carameL 

It is found that certain substances, for instance alum, tend to 
prevent this change in the sugar, and consequently they are 
often employed by bakers to keep the bread white, and make it 
appear as if it were made £rc»n the beet flour, that is to say, 
from flour which contains only a little sugar. 

Alum is oonttdered by many to render the bread unwhole- 
some, and it has been proposed to use lime-water, or hydrate of 
calcium instead, which has the same effect on diastase, and is 
not open to the same oljection as alum. 

Gluten is made up of two substances, one called fibrin^ and 
the other called gliadin^ the latter being the body which confers 
the sticky properties on gluten. The gluten obtained from 
different kinds of grain consists of different proportions of these 
substances, and the reason why wheat is preferred for making 
bread is, that it contains less g^liadin than barley and other sorts 
of grain, and therefore not being so adhesiye, rises' better and 
forms lighter bread. 

In order to do away with the difBcwIties experienced in keeping 
bread made in the ordinary way free from injurious substances, 
bread is now often made without fermentation at all. In one of 
these processes the water with which the dough is made is highly 
charged with carbonic anhydride under pressure, and the kneading 
is effected by machinery while the pressure is still continued on 
the gas in closed vessels. When the pressure is taken ofi^ the gas 
escapes, and causes the dough to swell and become porous, just 
as it does when liberated by fermentation, and the dough is Uien 
ready for baking. Bread made in this way is called asraied 
breads and though sometimes not preferred to ordinary bread, 
has the advantages of cleanliness (as kneading with the hands 
or feet is thus avoided), as well as of purity and wholesomeness. 

Milk is a mixture consisting diiefly of water, fat, and oil, 

K 2 
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sagar, and oasdn. The fat and oil of milk separate in a great 
measure if milk is allowed to stand, rising up to the top as 
cream, from which htUer is made by churning or beating it so 
as to break up the little envelopes which enclose the fat when 
it is in the state of cream. 

If, after the cream has been separated from it, milk be gently 
warmed, and a little dilate acid, or rennet, which is an infusion 
of the stomach of the calf, be added to it, it divides into two por- 
tions ; one, solid, contains coagulated casein, and is called curd ; 
the other, liquid, contains the milkHsngar and other constituents 
of the milk dissolved in water, and is termed whey. Cheese 
is made from the curd by removing it from the whey, and sub- 
jecting it to pressure, after which it is put by to ripen. In the 
process of ripening the casein undergoes a kind of fermentation 
which confers upon it the characteristic flavour and smell of 
cheese. 

The milkHSUgar of the whey is, like grape-sugar, subject to 
fermentation, forming alcohol and a peculiar acid called lactic 
acid. It is lactic acid which gives the taste to sour milk ; and 
when butter has not been thoroughly washed it is also liable to 
become rancid, from the presence of some of this fermentable 
sugar which it has carried with it from the milk. 



CHAPTEE XXYI. 

CHKlifTSTBY OF UFE. 

LiYXNG beings are generally divided into two great daases, 
plarUs and animdU ; and although in some cases the two classes 
approach so near to one another that it is difficult to draw an 
exact line between them, still, taken generally, they present re- 
markable differences, as well as remarkable analogies. Living 
things are continually growing — that is to say, they are con- 
stantly obtaining fresh matter or food from the world outside 
them, and making it part of themselves. If this process be 
stopped for a short time by any means, they lose the power of 
assimilation, as it is called, altogether, and gradually become 
broken up and decomposed; in other words, they die. In 
plants, when once matter has been assimilated and deposited, it 
remains until the death of the plant ; but in animals there is 
just as continually absorption and destruction of deposited 
matter, as there is assimilation of fresh matter; and, partly 
on this account, animals do not grow to the same size as plants, 
and require more food to preserve their life. Besides the mate- 
rial required for the formation of their tissue, another thing is 
necessary for the life of plants and animals, and that is, a 
proper temperature. If the living creature is heated or cooled 
too much, the assimilation of food is stopped, and it dies. 

The body or frame of plants consists in the main of carbon, 
hydrogen, and oxygen, in the form of cellulose, to which are 
added silica and other substances to confer upon it hardness, or 
perfume, or some other property special to an individual plant. 
The formation of cellulose in plants appears to depend upon 
the presence of a substance identical in composition with albu- 
men, but differing from it in the circumstance that it possesses 
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the remarkable property of reprodnction, which ordinary albu- 
men has not. How this snbstanoe ejQfects the building up of 
cellulose from its elements is not at all understood; but its 
presence seems to be always necessary to the formation of the 
tissues of liying beings^ and it has therefore received the name 
of protoplasm. 

The nitrogen of protoplasm is furnished originally by the 
gluten in the seed, but is supplied afterwards by ammonia and 
other nitrogenous substances absorbed by the plant from the air 
and soil by which it is surrounded. 

The bodies of animals, on the other hand, consist essentially 
of substances composed of the same materials as those which 
form cellulose, but with nitrogen in addition ; and the main 
diflforence between their assimilation of food anjl that of plants, 
lies in the circumstance that they are unable to form their 
tissues from the elements as they find them in the world out- 
side, until they have first been partially at least built up for 
them by plants. But it is remarkable that neither plants nor 
animals seem ordinarily able to assimilate any elementary sub- 
stance, with the single exception of oxygen, unless it is in a 
combined form. 

The food of living creatures has, then, two objects — one 
the building up and repair of the tissues, the other the 
maintenance and regulation of a proper temperature in those 
tissues. The former is performed by the assimilation or con- 
version of the food into tissue under the influence of proto- 
plasm ; the latter is effected by the balance, on the one hand, 
of the heat produced by the chemical change of the food into 
the more complex tissue, with, on the other hand, the cold pro- 
duced by evaporation of water from the exterior of the body, 
and the loss of heat which is experienced when the tissues are 
broken up and changed from complex to more simple bodies. 
Other circumstances, too, influence the temperature of living 
creatures, such as the external air, and, in the case of animals, 
movement and locomotion; but these may be left out of con- 
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Bideration for the sake of simplicitj, as of course it is possible 
that a living being may live always in an atmosphere of the 
same temperature and never move. In that case, the only 
motion will be the circulation in the tissues of the sap or blood, 
which will tend to produce a slight loss of heat. 

Both of these objects might be accomplished by the same 
food, provided that the chemical change of the food into 
tissue supplied the necessary amount of heat ; and in the case 
of vegetables and of some animals this is approximately the 
case. 

Plants, then, to form their tissues, require carbon, hydrogen, 
and oxygen, together with a certain amount of nitrogen to make 
their protoplasm. Carbon is famished to them by the atmo- 
sphere in the form of carbonic anhydride, while the hydrogen 
and oxygen are supplied in proper proportions by the soil in 
the form of water. Both the carbonic anhydride and the water 
are absorbed, the former by the leaves, the latter by the roots 
of the plant, the process of absorption being something akin to 
the osmose, described on page 89. 

Nitrogen is supplied to the leaves, too, in the form of am- 
monia, by the atmosphere, and in larger quantities, in the form 
of nitrates and salts of ammonium, by the soil to those plants 
which, like com, produce a large amount of nitrogenous matter 
in the form of gluten. 

Carbonic anhydride, then, and water, together furnish mate- 
rials for making cellulose; but cellulose being formed of 
carbon, and of hydrogen and oxygen in the proportions to 
form water, the oxygen which the carbon brings with it is not 
wanted — it is in excess. The leaves, therefore, give it out 
again into the atmosphere, so that a plant breathes in carbonic 
anhydride and breathes out oxygen. Though cellulose is 
eventually formed in the plant, the first products of the union 
of the carbon, hydrogen, and oxygen are dextrin and sugar. 
The advantage of this is that cellulose is insoluble in water, 
and, consequently, where it is formed, there it must stay in the 
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plant; ili6 water in the sap would not diasolye it and carry 
it aboat. Bat dextrin and angar are soluble; they circulate, 
then, in the sap, and are oonTerfced into celliilose in those parts 
of the plant where they are needed. The difference in the com- 
poaition of sugar and cellulose is merely that sugar contains 
less hydrogen and oxygen in the proportion of water than cellu- 
lose, while dextrin and cellulose have the same percentage 
composition. 

The formation of dextrin and sugar is effected principally 
in the leares of plants, where the ascending sap, consisting 
of water with certain substances in solution, comes in contact 
with carbonic anhydride, and is conyerted under the combined 
influence of sunlight and the nitrogenous substance in the green 
colouring-matter of the leaves. The conyerted, or, as it is 
termed, eUUbcrated sap then descends, carrying material ready to 
form tsellulose into other parts of the plant 

This formation of sugar and its circulation in the sap are yery 
manifest in the case of the sugar-maple. The tree is tapped a 
short distance abeye the ground at the time of year when the 
sap is rising, and tiie juice which runs off is collected and 
furnishes a considerable quantity of sugar. 

Plants ^Iso effect a storage of material which can be used 
when required for the formation of new tissue, and this they 
do in the form of starch. Starch is eminently fitted for the 
purpose, because, being insoluble in water, it is not carried 
away in the sap, and yet, when wanted, is easily converted 
into soluble dextrin and sugar by the influence of diastase. 
This is what occurs in the germination of seeds ; the gluten or 
albumen in them form diastase, which ferments the starch, con- 
verting it into dextrin and sugar. As the growth proceeds, the 
dextrin and sugar are turned into cellulose, and thus furnish 
new material for the growth of the plant. 

Plants contain gluten and albumen in all their tissues in 
more or less quantity, but the amount in the seeds is much 
greater than that in the rest of the tissues, and this is the very 
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place wbere it is most required, for theie is stored the material 
for the formatioii of a fresh planti which is begun by the pro- 
duction of a ferment from the deoay of the gluten. Those plants 
which, like com, form a large proportion of gluten, require a 
soil possessing more nitrogen than usual, and this explains the 
good effect upon such plants of manures which contain j^minftniA 
or some other compound of nitrogen. 

The albumen of many plants contains, besides the elements 
already mentioned, a small proportion of sulphur and phos- 
phorus, which is obtained from the soiL If the soil be deficient 
in these materials they must be added, just as nitrogen is. 
This is why sulphates and phosphates are sometimes applied to 
land upon which grain is to grow. 

Animals obtain the elements of their tissues from plants, and 
therefore it is convenient, from an animal's point of view also, 
that gluten and albumen should be stored up in the seeds. 

The tissue which is essential to animals contains nitrogen, 
carbon, hydrogen, and oxygen, in the same proportions in which 
they exist in gluten and albumen, and therefore, as was re- 
marked before, it is possiUe to conoeiye that an animal might 
liye entirely on these two products of plants if his temperature 
were not lowered in any way. But inasmuch as the tissues of 
animals are constantly decaying, that is, are broken up from 
complex into more simple substances, they are always liable to a 
lowering of their temperature. For, as a rule, the combination 
of elementary bodies involves a development of heat ; and, in- 
versely, the resolution of a compoimd body into its elements is 
attended by an absorption of heat. For example, the combina- 
tion of oxygen with carbon is the cause of the heat of an ordinary 
fire, while, on the other hand, it is necessary to supply heat to 
the compoimd dioxide of manganese in order to obtain the 
element oxygen from it. 

For this reason animals require other kinds of food, which, by 
their combination in the body, may produce the heat needful to 
keep up the temperature of their tissues. 
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This thej can olytein in the foim of staich from Togetablefl, 
And of oxygen from the air. Like plants, animals are famished 
with two absorbing organs, the stomaoh performing the fdno- 
tions of the roots of plants, the Inngs those of the leayss* 

Staioh is an insoluble snbstanoe^ however, and it mnst be 
rendered soluble before it oan be absorbed and burnt. This is 
effected by the spittle of the mouth and the juices of tiie stomach, 
which convert starch into sugar during mastication and diges- 
tion, in the same way that diastase ^flEects the conrersion in 
plants. The sugar is then absorbed and conducted into the 
tissues, where it is again converted, before it is finally burnt, 
into fat, carbonic anhydride, water, and oxygen. 

Oxygen is also absorbed in the lungs and carried by the 
blood (which answers to the sap of plants) into all parts of the 
body, where it meets the fat and oxidises its carbon. The car- 
bonic anhydride resulting from this combustion, and from the 
decomposition of the sugar mentioned above, is again taken up 
by the returning blood and carried to the lungs, where it is 
given out. Bo that the leaves of plants and the lungs of 
ftniTOftla perform exactly opposite functions ; leaves absorb car- 
bonic anhydride and give out oxygen, while lungs absorb oxygen 
and give out carbonic anhydride. Thus plants and animals supply 
each other with the breath necessary for each of them, and in this 
way become mutually dependent upon each other for their lives. 

This is also exemplified in another way. Plants assimi- 
late nitrogen as nitric acid and ammonia ; while, on the other 
hand, animals produce, by the destruction of their tissue, nitro- 
genous bodies, and throw them away, so that plants are again 
able to appropriate them. 

Animals that live in cold climates, and whose temperature is 
consequently lowered more than that of animals in warm 
climates, find that.the fat supplied by starch does not give them 
sufficient heat by its combustion, and therefore they are in the 
habit of providing themselves with extra fuel ready made, by 
eating fat and oiL 
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Animals differ from plants In requiring a constant supply of 
tissne-fonning material, and therefore they do not store it up to 
the same extent ; but they do store np heat-prodnoing material, 
namely, fkt, and that rery often in large quantities. 

Besides the substances mentioned above, many animals as 
well as plants require mineral foods in order to build up their 
skeleton, or to serve some other purpose essential to their 
well-being if not to their life. Thus, phosphate of calcium 
is an important constituent of bones, giving them hardness 
and strength, and phosphorus in another form seems to be 
necessary to the brain in order that it may properly perform its 
duties. 

One of the most important foods of plants and animals is 
water, which is required not only to dissolve the materials, but 
also to form part of tiie new tissues themselves. Cellulose has 
been seen to consist of carbon combined with the elements of 
water, and starch differs from grape-sugar only in containing 
less hydrogen and oxygen in the proportion of water. 

The above is only a rough outline of the chemistry of life ; 
but in considering such a complicated structure as the body of 
man, or of the higher animals, it is obvious that many hundred 
variations and additions would be rendered necessary to furnish 
anything like a complete account of the chemical processes 
involved. The chemistry of the elements, considered with 
regard to the dead structures on the earth, such as minerals, 
gases, &c., bears about the same relation in point of importance 
and interest to the chemistry of life, that the alphabet of a 
language bears to its grammar. The idea may even be carried 
a step farther, and physiology, the science which treats of the 
functions or duties of the several organs and parts of living 
creatures, may be called the literature. 

The great lesson to be learnt from chemistry is, that although 
the matter of which the world is composed is constantly being 
changed in form, nothing is destroyed. When things bum, as 
we express it, there is no destruction, but merely change from 
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one form to uioiher, and what seemB to vanish soon reappears 
in the solid forms growing np aronnd ns. So, when decay 
takes place, there is no loss of a single particle of matter, there 
are only chemical changes forming new combinations and 
arrangements of the particles of the decaying substance. Che- 
mistry is at work everywhere, not destroying, but taking to 
pieces only to rebuild again, and it does the latter qnite as 
readily and rapidly as it does the former. 
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— anthracite, 10 

gas, 66 

Cocoa-nut oil, 116 
Cod-Uver oil, 116 
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Coinage, 114 
Coke, 19 
Cold blast, 96 
Collodion, 121 
Colza oil, 66, 116 
Combination, 3 
Combustion, 14, 58 
Compound, 8 
Condensation, 2 
Condy's fluid, 102 
Copper, 51, 103 

acetate of 84 

oxide of, 103. 104 

sulphate of, 78 

sulphide of, 108 

Coral, 85, 87 
Corn-spirit, 126 
Corrosive sublimate, 81 
Cotton, 120, 121 

gun, 121 

Cream, 132 

of tartar, 103 

Cremation, 38 
Cry of tin, 113 
Crystallisation, HI 
Curds, 132 
Cjranide, 74 
Cyanogen, 38 

Davy, Sir Humphry, 40 

Dead Sea, 57 

Decantation, 10 

Decomposition, 3, 75 

Deliquescence, 110, 113 

Deodorising substance, 53, 82 

Dew, 6, 25, 47 

Dextrin, 121 

Diastase, 124 

Diffusion, 85 

Dioxide of manganese, 18, 49, 102 

Distillation, 125 

Double decomposition, 75 

salt, 79, 102 



Dough, 180 

Drummond light, 100 - 
Drying agent, 77, 100 
Ductility, 92 

Effervescence, 28, 36, 76, 86 
Efflorescence, 113, 121 
Eggs, albumen in^ 129 

smell of rotten, 80 

Elaboration of sap, 186 
Elder-pith, 120 
Element, 1 
Emerald, 101 
Emery powder, 102 
Epsom salts, 56, 79 
Esparto grass, 121 
Evaporation, 47 

Faraday, Sir Michael, 3 
Fat, 114 

Fermentation, 124 
Fibrin, 131 
Fire, cause of heat of, 187 

obtained by friction, 63 

Fire-damp, 40 
Fish breathe, 109 
Flame, 66, 67, 68, 71 
Flint, 88 

and steel, 64 

Florida, 87 

Flour, 122, 129 

Fluorine, 88 

Flux, 95 

Food, 12, 133, J 34, 135, 137 

Frescoes in House of Commooa, 90 

Friction, heat developed by, 64 

Fusible metal, 114 

Galena, 103 
Garnet, 101 
Gay-LussHC, 89 
German silver, 98 
Gin, 126 
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Glass, 86 

Bohemian, 90 

coloured, 90 

crown, 90 

insolable, 90 

plate. 90 

window, 90 

Glauber's salt, 25, 51, 78, 111 
GUadin, 131 
Gluten, 129 
Glycerin, 117 

Gold, 81, 107, 114 

Gooseberry wine, 127 

Graham, 89 

Granite, 101 

Grape-sugar, 122, 123, 124 

Gum, 122 

Guncotton, 121 

Gunpowder, 66, 80 

Gumey, Mr.. 32 

Gypsum, 78, 111 

Hardness of water, permanent, 79, 

119 

temporary, 86, 118 

Hartshorn, 17 

Hay, 124 

Heat, absorption of, in chemical 

decomposition, 134, 137 
deyelopment of, in chemical 

combination, 134, 137 
Heaton's process, 97 
Hock, 127 
Hydrate of calcium, 85 

of potassium, 74 

Hydriodic acid, 55 
Hydrobromic acid, 56 
Hydrocarbon, 66 
Hydrochloric acid, 28, 50, 74, 81 
Hydrocyanic acid, 74, 83 
Hydrogen, 5, 7 

oxide of, 24 

Hydrosulphuric acid, 74, 79 



Hypophosphite, 75 
Hypophosphorous acid, 75 

Ice, 112 

Iceland spar, 85, 111 

Ink, 53 

Iodine, 55 

Iridium, 108 

Iron, 9, 15, 92 

carbonate of, 93 

oxide of, 91, 98 

cast, 93 

pig, 96 

pyrites, 78 

wrought, 93 

Ironstone clay, 93 
Ivory black, 19 

Kane, Dr., 106 
Kaolin, 91 
Kelp, 55 

Lactic acid, 132 
Lamp black, 19, 22 
Lard, 116 
Laughing-gas, 26 
Lead, 103 

acetate of, 84 

carbonate of, 86 

chloride of, 82 

oxide of, 86, 103 

sugar of, 84 

sulphide of, 103 

tree, 84 

Leaven, 130 

Leaves, 46, 135, 136 

L'extincteur, 32 

Light, chemical action of, 51 

Lichen, 37 

Lime, 34, 99, 123 

Limelight, 100 

Limestone, 85, 99 

magnesian, 102 
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Lime, milk of, 86 

quick, 38, 99 

slaked, 100 

solubUityof, 111 

water, 131 

Linen, 120, 121 
Linseed oil, 116 
Litharge, 103 
Litmus, 87 
Loadstone, 98 

Londonderry, loss of the, 45 
Looking-glass, silvering of, 106, 115 
Lunar caustic, 81 

Maclise, 90 
Madeira wine, 127 
Magnesia, calcined, 111 
Magnesian limestone, 102 
Magnesium, 102 

carbonate of, 102, 111 

chloride of, 102 

silicate of, 91 

Malleability, 92 
Malt, 126, 128 
Manganate, K)2 
Manganese, 102 

dioxide of, 13, 49, 102 

Manure, 81, 137 

— sulphates and phosphates as, 

137 
Maple-sugar, 122, 136 
Marble, 28, 85 
Margario acid, 117 
Marsh gas, 39 
Matches, 62 
Meerschaum, 91 
Margarin, 
Mercury, 18, 106 

oxide of, 107 

sulphide of, 106 

Metal, 92, 114 
Mica, 112 
Milk, 132 






Milk of lime, 86 

sugar, 122, 182 

Molassea, 123, 126 
Mortar, 100 
Muriatic acid, 50 

Naphtha, 101 
Nickel, 98 
Nitrate, 74 

of potassium, 74, 80, 11& 

silver, 81 

sodium, 113 

Nitre, 74, 80, 113 
Nitric acid, 17, 26, 74, 79 

anhydride, 26 

peroxide, 26, 121 

Nitrification, 80 
Nitrogen, 16 

oxides of, 26 

Nitrous acid, 25 

anhydride, 26 

Non-destruction of matter, 189 

Oil, 114 

— almond, 116 

castor, 116 

oocoanut, 116 

cod-liver, 116 

colza, QQ^ 116 

linseed, 116 

olive, 116 

palm, 116 

V — solar, 66 

sperm, 116 

Olefiant gas, 42 
Oleic acid, 117 
Olein, 116 
Olive oil, 116 
Opacity, 92 
Osmosis, 88, 89, 135 
Oxide, 24 

of aluminium, 102 

of arsenic, 104 
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Oiido of oaldnm, 84, 99 
— of carbon, 27 

of copper, 104 

of hydrogen, 24 

ofiron, 91, 98 

of lead, 86, 103 

of manganese, 102 

of meronry, 107 

of nitrogen, 26 

of potaadnm, 101 

of Bodimn, 91, 101, 111 

of zinc, 104 

Oxidising flame, 71 
Oxygen, 12, 52, 107 
Oxyhydrogen blowpipe, 100 
Oyster-aheU, 87 

Pale ale, 128 

Palm oil, 116 

Palmitin, 116 

Paper, 121 

Paraffin, 66 

Permanganate of oalcimn, 102 

-— of potassium, 102 

Pewter, 103 

Philosopher's candle, 8 

Phosphate of calcium, 62 

Phosphoric acid, 18, 62, 75 

anhydride, 18, 62 

Phosphite, 75 
Phosphorous acid, 74 
Phosphorus, 14, 18, 62, 51 

red, 63 

in iron, 94 

Photogene, 66 
Pig iron, 97 
Pinchbeck, 114 
Pins, 103 
Plants, 133 
Plaster of Paris, 78 
Platinum, 108 
Pneumatic trough, 9, 18 
Porcelain, 91 



Port wine, 127 
Porter, 36, 128 
Potash, 28, 86 

caustic, 101 

Potassium, 25, 100 

carbonate of, 28, 86, 101 

chlorate of, 13, 62 

-— chloride o^ 56, 74 

hydrate of, 74, 101, 111 

nitrate of, 74, 80, 113 

oxide of, 101, 111 ' 

pyrogallate of, 18 

sUicate of, 89 

tartrate of, 103, 127 

Price's candles, 119 
Priestley, Dr., 107 
Proof spirit, 126 
Protoplasm; 1*^ 
Pmsiian bine, 88 
Pruaslo acid, 18| 88 
Puddling, 97 
Pumice stone, 77 
Pyrogallate of potaivium, 18 
I^roxyllin, 121 

Quartz, 88 
Quicklime, 38, 09 
Quicksilver, 106 

Bags, paper made ftom, 121 

sugar made fRlBy 123 

Reaction, 7, 51 
Beceivei, xf 
Rectified spirit, 127 
Reducing flame, 71 
Refining of iron, 97 
Rennet, 132 
Retort, 13 
Rice, 122, 126 
Rice paper, 120 
Rising of dough, 130 
Roasting of ores, 94, 108, 104 
Rouge, 98 
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Baby, 101 


Smelling salts, 37 


Knm, 126 


Smelting iron, 94 


Bust, 9 


Snow, 112 




Soap, 86, 117 


Safety lamp, 41 


bubble, 31 


Sal ammoniao, 37 


calcium, 118 


volatile, 37, 86 


OastUe, 118 


SaUva, 124, 138 


curd, 118 


Rait, 74 


hard, 117 


oommon, 53, 111 


potash, 117 


double, 79, 102 


soda, 117 


petre, 80, 113 


soft, 117 


Sand, 88 


Windsor, 118 


Sap, 136 


yellow, 117 


Saponification, 117 


Soda, 28 


Sappbire, 101 


caustic, 50, 101 


Satin spar, 79 


Soda-water, 86 


Saturated solution, 110 


Sodium, 25 


Sawdust, 123 


acetate of, 39 


Sea-water, 55, 56 


carbonate of, 101, 113 


Sealing-wax, 106 


chloride of, 49, 53, 91 


Seeds of plants, 124, 136, 137 


hydrate of, 39, 101 


Shollfl, 85, 86, 87, 110 


oxide of, 91, 101 


Sberry, 127 


silicate of, 88, 89 


Sbot, 103 


sulphate, 25. 78 


SiUca,88 


Solar oil, 66 


SiUcate, 88 


Solder, 103 


of aluminium, 90 


Solution, 25, 77, 109, 110 


of calcium, 90 


Soot, 19, 21, 68 


of magnesium, 91 


Sperm oU, 116 


of potassium, 89 


Spermaceti, 116 


of sodium, 88 


Stalactite, 85 


Silicon, 88 


Stalagmite, 85 


in iron, 94 


Starch, 122 


oxide of, 88 


Steam, 5, 9, 25 


Silver, 107, 114 


Stearates, 117 


nitrate of, 81 


Stearic acid, 117, 119 


sulpbide of, 80, 107 


Stearin, 116 


German, 98 


Steel, 93. 97 


Singing flame, 11 


Stephenson, Bobert, 4 


Size, 121 


Stoneware, 99 


Slag, 94, 96 


Sublimation, 105 


Slaked lime, 100 


Suet, 116 
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8agftr, 122 

of lead, 84 

Sulphate of ammoniiim, 77 
— calcium, 66, 78 

copper, 78 

iron, 79 

magnegiam, 56, 79 

zinc, 79 

Sulphide, 74 

of arsenic, 80 

of copper, 103 

of iron, 78,79 

of lead, 103 

of mercury, 106 

ofailver, 80, 107 

of tin, 80 

of zinc, 104 

Sulphur, 14, 64 

flowers of, 65 

in iron, 94 

Sulphuric add, 25, 77 
Sulphurous acid, 78 

anhydride, 14, 65,77 

Sweet-wort, 128 

Tallow, 5, 66 

Tartar, 127 

Tartrate of potassium, 103, 127 

Temperature, in the body, 116, 184, 

137, 138 
Tempering steel, 93 
Test-tube, 18 
Tin, 103 

cry of, 113 

oxide of, 103 

stone, 103 

sulphide of, 80 

ware, 103 



Tinder, 64 
Tombac, 114 
Turmeric, 88 
Turpentine, 51 
Type-metal, 103 

Verdigris, 84 
Vermillion, 106 
Vinegar, 84, 125 
Vitriols, 79 

Wasteoffuel, 21, 27 
Water, 2, 24 

of crystallisation, 118 

in the air, 46 

permanent hardness of, 79, 119 

temporary hardness of; 86, 118 

Water pipes, 86, 103 
Wax, 66 
Welding, 93 
Wells, 33 
Whey, 132 
Whiskey, 126 
Wine, 125 

dry, 127 

strength of, 127 

sweet, 127 

Wood, 20, 46, 120 
Wrought iron, 93, 97 

Yeast, 125, 128, 130 

Zinc, 7, 84, 108 
— acetate of, 84 

carbonate of, 104 

-— oxide of, 104 

sulphate of, 79 

sulphide of, 104 
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HISTORY 



IVUk nuwurous Maps and Plans, New Edition, Revised, Crown 8zv. 

A History of England. By tke rct. j. franck bright, m. a. , 

Master of UniversUy College, and late Master of the Modem School 
at Marlborough College, 

Period I.—MEDIiEVAL MONARCHY : The departure of 
the Romans, to Richard III. From A.D. 449 to A.D. 1485. 
4/. td. 

Period II.— PERSONAL MONARCHY : Hemy VII. to 
James II. From a.d. 1485 to A.D. 1688. 51. 

Period III.— CONSTITUTIONAL MONARCHY: WiUiam 
and Mary, to the present time. From A.D. 1689 to A.D. 1837, 
is, 6d, 

With Maps and Illustrations, Cnnun ^0. 

A History of England for Schools. By f. york- 

Powell, M. A., Lecturer at Christ Church, Oxford, 

[In the press. 

Second Edition. IVith Forty Illustrations, l6mo. 2s, 6d, 

A First History of England. By louise creighton, 

Author of ''Life of the Black Prince*' ''Sir Walter Ralegh,'' dr-r. 



Royal l6wo. With Illustrations. ^\ 6d. 

Stories from English History. By louise creighton, 

Author of **A First History of England," "Life of the Black 
Prince," &c. 

Mew Edition, limo, is. 6d, 

A History of England for Children. ^yGEORGEDAws, 

D.D,, formerly Bishop of Peterborough, 
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Histonccil Handbooks. Edued by oscar browning, 

M. A., Fellow of Kin^s College^ Cambridge. 

Crown Svo, 

English History in the XIYth Century. By Charles 

H. Pearson, M. A., lale Fellow of Oriel College, Oxford, y, 6d, 

The Reign of Lewis XI. By p. F. Willert, M.A., Eeiiaw of 

Exeter College^ Oxford, With Map. y. 6d, 

The Roman Empire, a.d. 395-800- By A. M. Curteis, 

M.A. With Maps. 3^. 6d. 

History of the English Institutions. By Philip v. 

Smith, M.A., Fellow of Hang's College, Cambridge, y, 6d, 

History of Modern English Law. By Sir Roland Knyvet 

Wilson, Bart, M.A., lale Fellow of Eing*s College, Cambridge, 
y. 6d, 

History of French Literature. Adapted from the French of 

M. Demogeot, by C. Bridge, y, td. 



History of the Romans to the Establishment of 

Imperialism, By J. S. Reid, LL.M., Fellow and Assistant 
Tutor of Gonvilleand Caius College, Cambridge; Classical Examiner 
in the University of London, 

[In preparaium. 

This work b intended to be used by the higher Forms in Public Schools, and by Junior 
Students in the Universities. It aims at exhibiting in outline the growth of the Koman 
national life in all departments. Military history will not be neglected, but attention will 
be particularly directed towards the political and social changes, and the development of 
law, literature, religion, art, science, and social life. Care will be taken to m-ing the 
whole narrative into accord with the present state of knowledge, and also to present the 
facts of Roman History in a form likely to interest the Stu<wnts for whom the work is 
intended. 
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Historical Biographies. Edited by the Rev. m. 

CuiGHTON, M. A., laUFdUrwand Tutor ofMerton College^ Oxford* 
With Maps and Plans. Small $vo. 

Simon de Montfort. bj^ m. creighton, m.a. 2s. 6d, 
The Black Prince. By louisb Crsighton, 2s. Cd 
Sir Walter Ralegh. By Louisb Crsighton. y. 

Oliver Cromwell. By F. W. Cornish, M.A. y. 6d. 

The Duke of Marlborough. By Louise Creighton. 3^. 6d. 
The Duke of Wellington. By Rosamond Waits, y. 6d. 

Second Edition, Crown $vo, 6s, 

A Handbook in Outline of the Political History of 

England to 1881, chronologically arranged. By A. H. 
Dyke Acland, M.A., Christ Churchy Oxford^ and Cyril Ran- 
SOME, M.A., Professor of Modem IMerature and History ^ Yorkshire 
College^ Leeds, 

Small 9fvo, IS, 6d, 

A Skeleton Outline of the History of England, 

being an abridgment of a Handbook in Outline of the Political 
History of England. By A. H. Dyke Acland, M.A., am/ Cyril 
Ransome, M.a. 

Crown 8w. Paper cover^ is. 

A Handbook in Outline of English Politics for the 

Last Half Century. Extracted from " A Handbook of English 
Political History.'* With Appendices on the Reform Bills, Dis- 
franchised and Enfranchised Boroughs, &c. By A. H. Dyke 
Acland, M.A., and Cykii. Ransome, M.A. 

Second Edition, Revised, Crown %vo, ^s, 6d, 

History of the Church under the Roman Empire, 

A.D. 30-476. By the Rev. A. D. Crake, B.A., Vicar of Haven 
Street^ Ryde, 

Crown dizfo, 'js, 6d, 

ECCleSia Anglican a. a History of the church of Christ in 

England from the earliest to the present times. By Arthur 

Charles Jennings, M.A., yesus Collie, Cambridge; Vicar of 
WhUtlesford, 
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SCIENCE 

Third and Enlarged Edition, With IllustraHons. %vo. 2is» 

Physical Geology for Students and General 

Readers, ByK. H. Green, M.A., F.G.S., Professor of Geology 
in the Yorkshire College of Science^ Leeds, 

Crown 9fiw, zr . 6d, 

Elementary Course of Practical Physics. By a. m. 

WoRTHiNGTON, M.A., F.R,A.S. Assistant Master at Clifton 
College, 

Niew Edition^ Revised, With Illustrations, Crown 2fV0. 2s, 6d. 

An Easy Introduction to Chemistry. Edited by the 

Rev. Arthur Rigg, M.A., and Walter tT Gooldbn, M.A.» 
Lecturer in Natural Science at Tonbridge School, 

Second Edition, With Illustrations, Crown %vo, 5 j. 

A Yearns Botany. Adapted to Home and School Use. By 
Frances Anne kitchener. Illustrated by the Author. 

With Illustrations, Medium 9fvo, 

Notes on Building Construction. 

Arranged to meet the requirements of the syllabus of the Science 
and Kxt Department of the Committee of Council on Education, 
South Kensington Museum. 

Fart I.— FIRST STAGE, or ELEMENTARY COURSE. With 
325 woodcuiSy lOr. td. 

Part II. — COMMENCEMENT OF SECOND STAGE, or 
ADVANCED COURSE. WUh 2TJ woodcuts, los, 6d, 

Part III. —ADVANCED COURSE. With 188 woodcuts, 21s. 

Rbpokt on thb Examination in Building Construction, hbld by thb Scibncb 
AND Art Dbpartmbnt, South Kbnsington, in May. xS^s. — ** The want of a text" 
book in this subject ^ arranged in accordance with the pw>Ush»d rjfUabnSt and therefore 
UmUiHg the ttndentt and teachere to the prescribed course, hat lately^ been well met by 
a worn pubUshed by Meters. Rhnngtont^ entitled 'Notes on Building Construction,' 
arranged to meet the reguirementt of the Syllabut of the Science and Art Department 
^ the Committu of Council on Sducation^ South Kensington, {Signed) 

H. C. Sbddon, MajoR| R.E. 

yune x8, 1875. [Inttructor in Construction and Estimating at the 

School of Military Engineering, Chatham,} 
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MATHEMATICS 

Rivington's Mathematical Series 

Small Svo, 3J. WUhout Answers, 2s, 6d, 

Elementary Algebra. By j. Hamblin Smith, m.a., of 

Gonville and Caius College^ and late Lecturer in Classics at St, Peters 
College, Cambridge* 

A Key to Elementary Algebra. 91. 
Small ^0, 2s, 6d, 

Exercises on Algebra. By], Hamblin Smith, m.a. 

(Copies may be had without the Answers.) 

Crown %vo, %s. td. 

Algebra, part II. By E. J. Gross, M.A., Fellmv of Gomnlle 
and Caius College, Cambridge, and Secretary to the Oxford and 
Cambridge Schools Examination Board. 

Small Svo. 31. 6d. 

, A Treatise on Arithmetic. By j. Hambun Smith, m.a. 

(Copies may be had without the Answers.) 
A Key to Arithmetic. 9^. 

Small Svo, 4s, 6d. 

Elementary Trigonometry. By j. Hamblin Smith, m.a. 

A Key to Elementary Trigonometry, js, 6rf. 

Crown Svo, ^s, 6d, 

Kinematics and Kinetics. By e. j. Gross, m.a. 

Crown Svo. 4^. 6d, 

Geometrical Conic Sections. By g. Richardson, m.a., 

Assistant Master at Winchester College, and late Fellow of St. John^s 
College, Cambridge, 

Small Svo, %s. 

Elementary Statics. By J. Hamblin Smith, M.A. 

Small ^0, 3 J. 

Elementary Hydrostatics. By j. Hamblin Smith, m.a. 

Crown Svo. 6s, 

A Key to Elementary Statics and Hydrostatics. 

By J. Hamblin Smith, M.A. 
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Small %vo, 3J. 6^. 

Elements of Geometry. By j. Hamblin Smith, m.a. 

Containing Books i to 6, and portions of Books 1 1 and 12, of 
Euclid, with Exercises and Notes, arranged with the Abbreviations 
admitted in the Cambridge University and Local Examinations. 
Books I and 2, limp cloth, is. 6d., may be had separately. 

Thf Algebra, ^IrithmetiCy Statics, Hydrostatics^ and Geometry in this Series are 
prescribed by the Council of Public Instruction for the use of the schools of Nova 
Scotia; authoriaedfor use in the schools of Manitoba; recommended by the University 
of Halifax^ Nova Scotia, by the Council of Public Instruction, Quebec; and authorized 
by the Education Department, Ontario, Catiada. 

Crown Svo. Ss. 6d. 

A Key to Elements of Geometry. Sy J. Hamblin 

Smith, M.A. 

Small Svo. is. 

Book of Enunciations for Hamblin Smith's Geo- 
metry, !^lgebra. Trigonometry, Statics, and Hydro- 
statics. 

Small Svo. ^s. 

An Introduction to the Study of Heat. By j. Hamblin 

Smith, M.A. 



Crown Svo. ^s: 

Companion to Algebra, with numerous Examples. By L. 
Marshall, M.A., Assistant Master at Charterhouse. 

Crown Svo. 6s. 

The Principles of Dynamics. An Elementary Text-book 
for Science Students. By R. Wormell, D.Sc, M.A., Ifead 
Master of the City of London Middle- Class School. 

Small Svo. y. 6d. 

Army and Civil Service Examination Papers 

in Arithmetic, includmg Mensuration and Logarithms, set in recent 
Examinations for the Army, Woolwich, Cooper's Hill, Home Civil 
Service, &c. With Arithmetical Rules, Tables, Formulce and 
Answers, for the use of Students preparing for Examination. By 
A. Dawson Clarke, B.A., St. John's College, Cambridge. 

New Edition, Revised. Croivn Svo. 6s. dd. 

Arithmetic, Theoretical and Practical. By w. h. 

GiRDLESTONE, M. A., o/ Chrisfs College, Cambridge. 
Also a School Edition. Small Svo. 3J. 6d. 
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LATIN 

New EdUion^ revised. Crown %vo, 3/. 6d, 

First Latin Writer, comprising Acddence, the Easier Roles of 
Syntax illustrated by copious Examples, and progressive Exercises 
in Elementary Latin Prose, with Vocabularies. By G. L. 
Bbnnktt, M. A.» Head Master of the High School^ PlynumtK 

A KXY for the use of Tutors only. 5 j. 

Crown 8tv. 2s, 6d, 

First Latin Exercises. Being the Exercises, with Syntax 
Rules and Vocabularies, from a "First Latin Writer." By G. L. 
Bennett, M.A« 

Crown Sivo. is. 6d. 

Latin Accidence. From a "First Latin Writer." By G. L. 
Bennett, M.A. 

Second Edition, Crown 8cv. 3J. 6d, 

Second Latin Writer. By G. L. Bennett, M.A., Head Master 
of the High School, Plymouth, 

A Key for the use of Tutors only. 5^. 

New Ediium, revised. Crown 9vo, 2s, 6d, 

Easy Latin Stories for Beginners. By g. l. bennett, 

M. A., Head Master of the High School, Plymouth, With Vocabulary 
and Notes. 

A Key for the use of Tutors only. 5 j. 

Crown %oo, 2s. 6d, 

Second Latin Reading BOOli. Forming a continuation of "Easy 
Latin Stories for Beginners." By G. L. Bennett, M.A., Head 
Mooter of the High School, Plvmouth, 

A Key for the use of Tutors only. $s, 
SmcUl $vo, 2s. 

Selections from Caesar. The Gallic War. with 

Preface, Life of Caesar, Text, Notes, Geographical and Bio- 
graphical Index, and Map of Gaul. By G. L. Bennett, M.A., 
Head Master of the High School, Plymouth. 

Small ^vo, IS. 6d. 

Selections from the Aeneid of Vergil, with intro- 

duction, Notes, &c. By G. L. Bennett, M.A., Head Master <^ 
the High School, Plymouth, 
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Crown %vo, is, 6d, 

First Steps in Latin. By F. Ritchie, M.A., late Assistant 
Master in the High School^ Plymouth. 

A Key for the use of Tutors only. 3J, 6^. 

Second Edition, Small Sivo. is. 6d, 

Gradatim. An Easy Translation Book for B^^inners. By H. R. 
Heatley, M.A., and H. N. Kingpon, B.A., Assistant Masters at 
Hillbrow School, Rugby, 

The aim of this book is to provide translation for boys immediately on beginning Latin. 
With this view care is taken that the beginner encounters no difficulty of Grammar or 
Syntax without due warning. 

A Key for the use of Tutors only. 5j. 

Small ^0. 2s, 6d, 

ExCerpta Facilia. a second Latin Translation Book, containing 
a Collection of Stories from various I^tin Authors, with Notes at 
end, and a Vocabulary. By H. R. Heatley, M.A., and H. N. 
KiNGDON, B.A., Assistant Masters at Hillbrow School, Ru^fiy, 

- The book is provided with excellent notes of an elementary kind, and with a complete 
vocabulary. The book is well adapted for a School Readmg Book." — Schoolmaster, 

Copies may also be had without the Vocabulary. 
A Key for the use of Tutors only. 5J. 

Crown Svo. is, 6d, 

The Beginner's Latin Exercise Booti. Affordmg Practice, 

oral and written, on Latin Accidence. With Vocabulary. By C. 
J. Sherwill Dawe, B.A., Lecturer and Assistant Chaplain at St, 
Marlins College, Chelsea. 

Fourth Edition. Crown Svo. 2s, 6d, 

Latin Prose Exercises, For Beginners, and junior Forms of 
Schools. By R. Prov^tde Smith, B.A., Assistant Master at 
Cheltenham College, 



Crown Svo, On a card, gd, 

nunciatioi 



Elementary Rales of Latin Pronunciation. By 

Arthur Holmes, M.A., late Senior Fellow and Dean of Clare 
College, Cambridge. 
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Latin Texts. For use in schools, && 

THE AENEID OF VERGIL. Books I. II. III. IV. V. VII. 
VIIL IX. zd. each. Books VI. X. XI. XII. yi. each. 

THE GEORGICS OF VERGIL. Books I. -IV. zd. each. 

THE BUCOLICS OF VERGIL. 2d. 

V$iyil, The Bucolics, Georgics, and Mneid in One Volume. 2s» 6d, 

CAESAR DE BELLO GALLICO. Books L V. VII. VIII. y. each. 
Books II. III. IV. VL 2d. each. 

Caesar De Bello Qallioo. in One volume, u. 6d. 

Fifth Edition^ Revised. Crown 9ivo, 3J. 6d. 

Progressive Exercises in Latin Elegiac Verse. 

By C. G. Gepp, M.A., Assistant Master at Bradfield College^ and 
late Head Master of King Edward VL School^ Stratford-upon-Avon. 

A Key for the use of Tutors only. $5. 

Twelfth Edition, l2mo. 2s, 

A First Verse Booh, Being an Easy Introduction to the Mechan- 
ism of the Latin Hexameter and Pentameter. By Thomas Ker- 
CHEVER Arnold, M. A. 

A Key for the use of Tutors only. is. 

Crown Svo. 

CIlUUS, Elementary Exercises in Latin Elegiac Verse. By A. C. 
AiNGER, M.A., Assistant Master at Eton College. 

Part I. 2s. 6d. Part II. 2s. 6d. 
A Key for the use of Tutors only. 3^. 6d. 

CroTvn Svo. y. 6d. 

An Elementary Latin Grammar. Byj. hambun smith, 

M. A., ofGonville and Caius College^ and late Lecturer in Classics at 
St. Petei^s College^ Cambridge. 

Fifth Edition. i2mo, 4J. 

Cornelius NepOS. with Cntical Questions and Answers, and an 
Imitative Exercise on each Chapter. By T. K. Arnold, M. A. 
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Twenty-fifth Edition. i2mo, 3x. 

Henry's First Latin Booli. By t. k. Arnold, ma. 

A Key for the use of Tutors only. is. 
A New and Revised Edition, i2tno, 3J. 

Arnold's Henry's First Latin Booli. syc. a gepp, m.a,, 

Assistant Master at Bradfield College^ ami late Head Master of King 
Edward VI. School^ Stratford-upon-Avon; Author of *^ Progressive 
Exercises in Latin Elegiac Verse." 

A Key for the use of Tutors 'only. ^s. 
Twentieth Edition. %vo. dr. 6^. 

A Practical Introduction to Latin Prose Com- 
position. By Thomas Kerchever Arnold, M.A. 

A Key for the use of Tutors only. \s. 6d, 
A New and Revised Edition. Crown 9ivo. ^s. 

Arnold's Practical Introduction to Latin Prose 

Composition. By G. Granville Bradley, D.D., Dean of 
Westminster^ late Mctster of University College^ Oxford, and formerly 
Master of Marlborough Collie. 

A Key for the use of Tutors only. 5^. 

Crown Svo. 

The Aeneid of Vergil' Edited, wUh mtes at the end, by Francis 
Storr, B. a.. Chief Master of Modem Subjects at Merchant Taylors* 
School. 

Books I. and II. is. 6d. Books XI. and XII. 2s, 6d. 

Small Svo. is. 6d. 

Virgil, GeOrgiCS. book IV. Edited, with Life, Notes, Voca- 
bulary, and Index, by C. G. Gepp, M.A., Assistant Master at 
Bradfield College, and late Head Master of King Edward VI. School, 
Stratford-upon-Avon. 

Small ^0, IS. 4d. 

Easy Exercises in Latin Prose. By charles bigg, d.d., 

formerly Principal of Brighton College. 
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Third Ediium, /Revised. Croum 8cv. 3x. 6d, 

Stories from Quid in Elegiac Verse, with nous for 

School Use and Marginal References to the Public School Latin 
Primer. By R. W. Taylor, M.A., Head Master of Kelly College^ 
Tavistock, and late Fellow of St, John's College^ Cambridge, 

New Edition, Revised, Crown %vo, 2s, 6d, 

Stories from Quid in Hexameter Verse. Meta- 
morphoses, With Notes and Marginal References to the Public 
School Latin Primer. By R. W. Taylor, M.A, 

New Edition, Revised, i2mo, 2x. 6d, 

EclogCB OuidianCB. From the Ele^ac Poems. With English 
Notes. By Thomas Kxrchevbr Arnold, M.A. 

Small ^0, 2s, 

Cicero de Amicitia. Edited, with Notes and an Introduction, by 
Arthur Sidgwick, M.A., Fellow of Corpus Christi College, 
Oxford; late Assistant Master at Rugby School, and Fellow of Trinity 
College, Cambridge. 

Small 2fuo, y, 6d, 

CcBsar. De Bello Gallico. books l-ih. Edued, with 

Preface, Introductions, Maps, Plans, Grammatical, Historical, and 
Geographical Notes, Indices, Grammatical Appendices, &c., by"], H. 
Merryweather, M.A., and C. C. Tancock, M.A., Assistant 
Mcuters ait Charterhouse, 

Book L separately. 2s, 
Crovm $7/0. y. 6d, 

Exercises on the Elementary Principles of Latin 

Prose Composition, with Examination Papers on the Ele- 
mentary Facts of Latin Accidence and S3mtax. By J. Hamblin 
Smith, M.A., of Gonville and Caius College, and late Lecturer in 
Classics at St, Peter's College, Cambridge, 

A Key, ^s, 
9vo, On a card, is. 

Outlines of Latin Sentence Construction. By e. d. 

Mansfield, M.A., Assistant Master at Clifton College, 
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A Latin-English Dictionary for Junior Forms of 

Schools. By C. G. Gepp, M. A. [In the press. 

This work aims at supplyi^ in a concise form and at a low cost all the informatioo 
vequiied by boys in Middle Class Schools, or in the Junior Forms of Public Schools. 
Archaisms fwitn the exception of such as occur in the most commonly read authors), 
words peculiar to Plautns, and words found only in Late or Ecclesiastical Latin, have 
been excluded accordinglv. On the other hand. Proper Names have been briefly yet 
adequately treated in a4>habetical order in the body of the work. No effort has been 
spared to ensure completeness and accuracy, all references having been verified from the 
latest and most approved editions of modem scholars. While everv legitimate aid has 
been given to schoolboys, with whom the lookine out a meaning is often a very haphazard 
process, it is hoped tliat the volume may be found a useful and handy companion to 
many who seek to renew their acquaintance with the favourites of bygone days. 

Second EdUum, Crown Sv0, Js. 6d, 

Classical Examination Papers, Ediua, with Notes and 

References, fy P. J. F. Gantillon, M.A., CkusktU Master at 
Chdtenham College. 

Or, interleaved with writing-paper, half-bound, lOf. 6^. 

New Edition^ re^arranged^ with fresh Pieces and additional Hrferences, 

Crown %vo» dr. 6d. 

Materials and Models for Latin Prose Composition. 

Sdected and arranged by 1. Y. Sargent, M.A., Fdlcw and Tutor 
of Hertford College^ Oxford^ and T. F. Dallin, M. A«, late Tutor 
and Fellow of Queetis College^ Oxford. 

New Edition^ revised^ with additional pieces. Crown ^0, $s, 

Latin Version (116) of Seiected Pieces from Materials 

and Models, By J. Y. Sargent, M. A. 
May be had by Tutors only, on direct application to the Publishers. 

Small 9/vo, y, 6d. 

Liuy. BOOK II. Chiefly from the text of Madvig, with Notes, 
Translations, and Appendices. Edited by Henry Belcher, M. A., 
Master of the MatrictUation Class^ King's College School^ London, 

Small Svo, 2s. 

Selections from Books VIII. and IX. of Liuy. with 

Notes and Map. By K Calvert, LL.D., St. John's CoU^e, 
Cambridge; and R. Saward, M.A., Fellow of St. John's College, 
Cambridge; Assistant Master at Shrewsbury School. 
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Crown %vo, 

Terenti ComOBdiCB. EdUedbyl, L. Papillon, M.A., Felltno 
of New CoUege^ Oxford. 

ANDRIA'bt EUNUCHUS. With Introduction on Prosody. 41.6^. 
Or separately^ ANDRIA. With Introduction on Prosody. 3^. ^. 
EUNUCHUS. y. 

Crown %vo, 5x. 

Juvenalis Satirw. thirteen satires. -£^«/ fy g. 

A. SiMCOX, M.A., Fdlow of Queen* s College, Oxford, 

Crown %vo. 31. 6^ 

PerSU SatfrW. Edited by a. Pretor, M. a., of Trmiiy CoOeff, 
Cambridge, 

Crown %vo, is, 6d, 

Horati Opera. By J. M. Marshall, M.A., Under Master at 
DtUwich College. 

Vol. I. —the ODES, CARMEN SECULARE, and EPODES. 
Also separately, THE ODE^. Books I. to IV. u. 6</. each. 

Crown 8z/tf . 

Taoiti HistoriCR. EdUed hy W. H. Simcox, M.A., Emw of 
Queers College, Oxford. 

Books L and II., 65. Books III., IV., and V., dr. 
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GREEK 

Nriv Edition, Revised, Crown 9fVo, y, 6d, 

A Primer of Greek Grammar with a Preface ^^john 

Percival, M.A., LL.D., President of Trinity College^ Oxford; 
late Head Master of Clifton College. 

Or separatdy, crown ^o, 2s, 6d, 

Aooidence, By Evelyn Abbott, M. A., LL.D., Fellow and Tutor 
of Balliol College^ Oxford; and E. D. Mansfield, M.A,, 
Assistant Master at Clifton College, 

Crown %vo, is, 6d, 

Syntax. By £. D. Mansfield, M.A., Assistant Master at Clifton 
Collie, 

This outline of the chief Rules of Greek Syntax, which is intended as a sequel to the 
" Primer q/[ Greek Accidence," lays no claim to originality of treatment. 1 ne Editor 
has fredy consulted the usual authorities, especially the well-known " Greek Moods and 
Tenses, and the Later *' Elementary Greek Grammar," of Pn^essor W. W. Goodwin, 
and has only aimed at stating^ Rules simply and concisely, and so grouping them as to 
indicate general principles and prepare the beginner for the use of a fuller treatise. He 
is laxgdy indebted in tne first part of the Syntax to material kindly placed at his dis- 
posal by Mr. Evelyn Abbott^ which, however, has for teaching purposes been thrown 
into a shape for which the Editra: alone is responsible. — Extract from the Preface. 

Contents. — Part I.— Agreement. The Cases. Accusative. Genitive. Dative. 
Prepositions. Article. Prcxiouns. Tenses. Notes on the Tenses. Moods. Infinitive. 
Participle. Verbal Adjective. Negatives o^ and M^. Conjunctions and Particles. 
Conjunctions. Participles. Part II. — The Simple Sentence. Direct Statement. 
Direct Command. Expression of a Wish. Direct Question. The Compound Sentence. 
Substantival Clauses : Indirect Statement — Indirect Command — Indirect Question. Ad. 
jective Clauses. Adverbial Clauses: Final— Consecutive— Temporal^Conditional — 
Concessive— Casual' Adjectival Claases with Adverbial fine*. Further Roles for 
Indirect Speech. Dependent Clauses in Indirect Speech. 

Crown %fuo, 3/. dd, 

A Practical Greek Method for Beginners. Being a 

Graduated application of Grammar to Translation and Composition. 
By F. RiTCHiB, M.A., laie Assistant Maiter in the High School^ 
Plymouth^ and £. H« Moors, M. A., Assistant Master in the High 
School^ Plymouth, 

This book contains the Substantives, Adjectives, Pronouns, and Regular Pure Verbs, 
with exercises (English-Greek and Greek-English), introducing the main rules of Syntax of 
the Simple Sentence. 

The aim of the work, which is at once a Grammar and an Exercise Book, is to secure an 
uniform method of teaching Gramnur, and to afford abundant practios in inflexion, &c., 
at the same time that the (nammar is being learnt. 
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Cnmm 9/v9. as, 6d, 

A Manual of Greek Verbs, with Rules for the Formation of 
Tenses, and Tables of Verbs for Practice. By F. Ritchie, M.A., 
/ate Assistant Master in the High School^ Piymauth; and £. H. 
Moors, M.A., Assistant Master in the High School^ Plymouth. 

Second Edition, Revised. Cnrom %vo. 31. &/. 

A First Greek Writer. By Arthur Sidgwick, M.A., Fellow 
of Corpus Christi Collate, Oxford, late Assistant Master at Rugby 
School, and Fellow of Trinity College, Cambridge. 
A KXY for the use of Tutors only. 5^. 

Fourth Edition, Revised. Crown 9fvo. 5/. 

An Introduction to Greek Prose Composition, with 

ExeroiSBS. By Arthur Sidgwick, M.A. 

A Kky for the use of Tutors only. $s. 

Sixth Edition. i2mo. 5^. 

The First Greek Book, On the plan of Henr/s First Latin 
Booh, By Thomas Ksrchevbr Arnold, M.A. 
A Kry for the use of Tutors only. is. 6d. 

New Edition, Revised, Crown %ifo. 3^. 6d. 

Arnold's First Greek Book. By francis david morice, 

M.A., Assistant Master at Rugby School, and Fellow of Queen* s 
College, Oxford, 

A Key for the use of Tutors only. $s. 

In this revised edition the Exercises have been entirely re- written, and made more 
uniform in length than those of the original. The Appendices on Syntax, &c., have been 
dispensed with, as it has seemed desirable to fix the beginner's attention mainly on points 
of Accidence, and only so far as is absolutely necessary on the structure of sentences and 
peculiarities of Greek Idiom. The need K>r an appendix of jparadigms has also bmn 
avoided by introducing full inflections of Nouns, Teuses^ &c., m the body of the work, 
widi a system of references in the Vocabulary, which will guide the learner to any re- 
quired paradigm at once. An attempt has been made to mtroduce facts of Accidence 
somewhat in the order of their practical importance, the more rarely employed inflections 
being omitted or postponed. Thus the Dual inflections are omitted at first, and afterv^ards 
treated collectively : a method which, it is hoped, will result in the saving of some need- 
less trouble. Another change, which has been adopted after full consideration, is the 
substitution of the Periphrastic form of conjugation, which alone is employed by ordinary 
Attic writers, for such rare and dubious forms as XeXi^iCCi;, XcXl^iCoi/u, &c., given in most 
grammars. Besides the separate paradigms of each Tense in the body of the work, 
a full conspectus of the inflrctions of an ordinary Verb in -A^ is given at the end of the 
Exercises. 
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Third Ediium, Imperial i6mo. Ss. 6d. 

Maduig'8 Syntax of the Greek Language, espe- 

Oially of the Attic Dialect For the use of Schools. 

EdiUd by THOMAS KXRCHSVXR ARNOLD, M.A. 
Ninth Edition, ^0, $5, 6d, 

A Practical Introduction to Greek Accidence. 

By Thomas Kbrchsybr Arnold, M.A. 

Thirteenth Edition, %vo, $s, 6d, 

A Practical introduction to Greek Prose Com- 

position. By Thomas Krrchkvsr Arnold, M.A. 
A Kby for the use of Tutors only. ix. td. 

New Edition^ Revised, Crown %vo, y, 6d, 

Arnold's Practical Introduction to Greek Prose 

Composition, By Evelyn Abbott, M.A., LL.D,, Fellew and 
T\Uor of Balliol College, Oxford, 

A Kby for the use of Tutors only, y, 6d, 

Crown ^0, 4s, 6d, 

Elements of Greek Accidence. By evblyn abbott, 

M. A., LL.D., Fellow and Tutor of Balliol College^ Oxford, 

Crown %vo, 4J. td. 

An Elementary Greek Grammar By j. hamblin 

Smith, M. A., of Gonville and Caius College, and late Lecturer in 
Classics at St, Pier's College, Cambridge, 

Cloth limp, Bivo, is, 

A Table of Irregular Greek Verbs, classiJied 

aocording to the arrangement of Curtiua'a Greelt 

Grammar. By Francis Storr, B.A., Chief Master of Modem 
Subjects at Merchant Taylors* School, and late Assistant Master at 
Marlborough College, 

Cloth limp, Svo, 6d, 

Elementary Card on Greek Prepositions. By Rev. 

£. Pribstland, M.A., Spondon House School, Derbyshire, 

Crown Svo, gd, 

A Short Greek Syntax. Extracted from "xenophon's 

Anabasis, with Notes." By R. W. Taylor, M.A,, Head Master 
of KeUy College^ Tavistock, 
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EtyiflQ QnSCOm An Etymological Lexicon of Classical Greek, 
ifif^ £. R. Whaeton, M.A., Lecturer and late Fellow of Jesus 
College^ Oxfords 

Second Edition, Crown %vo, Js, 6d, 

Classical Examination Papers. Edited, with Notes and 

References, fy P. J. F. Gantillon, M.A., Classical Mastir at 
Cheltenham College. 

Or interleaved with writing-paper, half-bound, lOf. 6df. 

Second Edition^ containing Fresh Pieces cmd additional Rrferences, 

Crown 8zv. 5^. 

Materials and Models for Greek Prose Com- 
position. Selected and an anged by J. Y. Sakgbnt, M. A., FeUow 
and Tutor of Hertford CoUege, Oxford; andT. F. Dallin, M.A., 
Tittor, late Fellow, of Queetrs Collide, Oxford. 

Crown 9vo. 7x. 6d. 

Qreelt Version of Seleoted Pieces from Materials and 

Model: By J. Y. Sabgknt, M.A. 

May be had by Tators only, on direct application to the Fnblishen. 

Crown 9/vo. 2s, 

lophon : An Introduction to the Art of Writing 

Qreek Iambic Verses. By the writbr of *'Nuces'* and 

*' Lucretilis." 

Fifth Edition. Crown 9/vo. u. 6d. 

Stories from Herodotus. TheXalesofRhampsimtusandPoly- 
crates, and the Battle of Marathon and the Alcmaeonidae. /n Attic 
Greek, Edited by J. Surtees Phillpotts, M. A., Head Master of 
Bedford Grammar School, 

New Edition, Small %vo. y, 6d. 

Selections from Lucian. with EngUsh Notes. ^^^Evklyn 
Abbott, M. A., LUD., Fellaw and Tutor of BaiUol Coll^ Oxford. 
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SnuUl^vo, IS. 6d. eiuh. 

Scenes from Greek Plays, rugby edition. 

Abridged and adapted for the use of Schools^ by Arthur Sidgwick, 
M.A., Fellow of Corpus Christi College^ Oxford^ late Assistant 
Master at Rugby School, and Fellow of Trinity College^ Cambridge^ 

Ariatophanea. 

THE CLOUDS. THE FROGS. THE KNIGHTS. PLUTU& 

Euripides. 

IPHIGENIA IN TAURIS. THE CYCLOPS. ION 
ELECTRA. ALCESTIS. BACCHiE. HECUBA. 



Tkird Edition. Crown %vo, 3J. 6d, 

Stories in Attic Gree/i. Fommig a G^ek Reading Book for 
the use of Junior Forms in Schools. With Notes and Vocabulary, 
By Rev. Francis David Morice, M.A., Assistant Master at 
Rugby School J and Fellow ofQueen^s Collie, Oxford, 

New Edition, Crown $z/0. 

The Anabasis of Xenophon, ^^^fe^, with Preface, intro- 

duction, Historical Sketch, Itinerary, Syntax Rules, Notes, Indices, 
Vocabularies, and Maps, by R. W. Taylor, M.A., Head Master 0/ 
Kelly College, Tavistock^ and late Fellow of St, John^s College, Cam* 
bridge. 

Books I. and II. y. 6d, Books III. and IV. y, 6d, 
Also separately. Book L, 2j. 6^. ; Book II., 2s. 

Crown Svo, 2s, 6d. 

XenOphon 'S AgeSilaUS. Edited, with syntax Rules, and Refer- 
ences, Notes, and Indices, by R. W. Taylor, M.A. 

Small Sivo. 2s. 

Xenophon's Memorabilia, book l, with a few omissions. 

Edited, with an Introduction and Notes, by the Key, C. E. Mobsrly, 
M. A. , formerly Scholar of Ballial College, Oxford, 

Small ^0, 2s. 

Alexander the Great in the Punjaub. Adapted fiom 

Arrian, Book V. An Easy Greek Reading Book. Edited, with 
Notes and{[a Map, by the Rev. C. E. Moberly, M. A., formerly 
Scholar of Balliol College, Oxford. 
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SmaR^Hf. 

HOfTfCr'S Iliad, Edited, with Notes at the end for the Use of Junior 
Students, fy Arthur Sidgwick, M.A., Fdlcmxrf Corpus ChrisH 
CoU^^ Oxford; late Assistant Master at Rugby School, and Fellow 
of Trinity College, Cambridge, 

Books I. and II. 2s. '6d. 

Co w r awTS . — Preface— Introduction— The Language of Homer — ^The Dialect — Forms 
— Sjrntax — General Text, Books I. and II. — Notes — Indices. 

Book XXI. is. 6d, Book XXII. u. 6d, 

Small ^0. 2s. 

Homer without a Lexicon, for Beginners, iliad, 

Book VI. Edited, with Notes giving the meanings of all the less 
€ommon words, by J, Surt£ks Phillpotts, M.A., Head Master of 
Bedford Gratnmar School. 

Fifth Editum. i2mo, y. 6d. 

Homer for Beginners, iliad, books 1.-111. with English 

Notes. By Thomas,Kerch£V£R Arnold, M. A. 

Fifth Edition, izmo. I2s. 

The Iliad of Homer. with English Notes and Grammatical 
References. By Thomas Kerchever Arnold, M.A. 

Crown Sz/ou 6s. 

The Iliad of Homer, books I.-XIL From the Text of Din- 
dorf. With Preface and Notes. By S. H. Reynolds, M.A., la^ 
Fellow and Tutor of Brasenose College, Oxford. 

New Edition. i2mo. gs. 

A Complete Greek and English Lexicon for 

the Poems of Homer and the Homeridoe. ByG, 

Ch. Crusius. Translated from the German. Edited by T. K. 
Arnold, M.A. 

Crown 8zv. 4^, 6d. 

Isooratis Orationes. ad demonicum et panegyricus. 

Edited by John Edwin Sandys, M.A., Fellow and Tutor of St. 
JohfCs College, Cambridge, and Public Orator of the University. 
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Hellenioa. A Collection of Essays on Qreek Poetry, 
Philosophy, History, and Religion. Emed by Bvcukn 

Abbott, M. A., LL.D., Fdlowand Tutor ofBcdliol CoUegf^ Oxford, 
Contents. — Aeschylus. E. Myers, m.a. — ^The Theology and Ethicsof Sophocles. 
;, M.A., LL.D. — System of Education in Plato's Repuhlic. 



M.A.— -Arutotle's Conception of the State. A. C. Bradley, M.A.'^Epicurus, W. L. 
Courtney, M. A. — ^TheSpeediesof Thucydides. R.C. Jebb,M.A.,LL.D.— Aencmhon. H.G. 
Dakyns, m.a. — Polybius. J. L. S. Davidson, m.a.— Greek Oracles. F. W. H. Afyers, M.A. 



nuths of the Odifssey in Art and Uterattfiv. 

Illustrated with Outline Drawings. By J. E. Harrison. 

^0, i&r. 

The Antiquities of Greece, the state. Translated from 

the German of G. F. Schoemann. By E. G. Hardy, M.A., 
Head MasUr of the Grammar School, Grantham; and], S. Makn, 
M.A., Fellow of Trinity College, Oxford, 

Crown %vo, 

Herodoti Historia. Edited by h. g. woods, m.a., em^u and 

Tutor of Trinity College, Oxford, 

Book I. 6s, Book II. 5s. 

i2mo, 

Demosthenes, Edited, wUh EngUsh Notes and GrammaHctd 
References, by Thomas Kerchevbr Arnold, M.A. 
OLYNTHIAC ORATIONS. Third Edition, y, 
ORATION ON THE CROWN. Second Edition. 4^. dd. 

Crown ^0, 5j. 

Demosthenis Orationes Priuatce. de corona. 

Edited by Arthur Holmes, M.A., late Senior Fellow and Dean 
of Clare College, Cambridge. 

Crown S/i/o. 

Demosthenis Orationes Publicce. Edited by g. h. 

Heslop, M.A., UUe Fellow and Assistant Tutor of QueerCs College, 
Oxford; Head Master of St. Bees. 

OLYNTHIACS, 2s,6d,\ . r^ \ry . (^ 

PHILIPPICS \s { or, m One Volume, 4J. oa. 

DE FALSA LEGATIONS, df. 

Crown Svo. 

Aristophanis Comodice. Edited by w. c. green, m.a., 

late Fellow of ling's College, Cambridge; Assistant Master 4/ 

Et^gby School. 
THE ACHARNIANS and THE KNIGHTS. 4s, 
THE CL OUDS, y. 6d. THE WASPS, 3^. 6d. 
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Sicond Ediium^ RtMud amd Enlargui, Cr&wn $vo. lor. 6d, 

An Introduction to Aristotle's Ethics, books i.-iv. 

(Book X., c vu-ix. in an Appendix). With a Continuous Analysis 
and Notes. Intended for the use of Beginners and Junior Students. 
By theKew, Edward Moore, B.D., PrinciptUofSt. EdnmndHaU^ 
amd laU FeUow and Tutor of Qmen^s Coiie^, Oxford, 

Second Edition. Crown ^o. y. 6d. 

Selections from Aristotle's Organon. Ediudby^on^ 

R. Magrath, D.D., Provost of Quem^s College^ Oxford, 



l2mo. 

Sophocles* Edited by T. K. Arnold, M.A., Archdeacon Paul, 
and Henry Brown, M.A. 

AJAX. y. PHILOCTETES. y. 

OEDIPUS TYRANNUS. 4J. 

Crown Sivo, 

Sophoclis TragoBdicB. Edited by r. c. jkrb, k.a., ll.d.. 

Professor of Creek at the University of Glasgow^ late Fellow and 
Tutor of Trinity CoUege^ Cambridge, 

ELECTRA. y. 6d. AJAX. y. 6d. 

Crown Svo. Ss. 6d. 

Sophocles, Translated into English Verse. By Robert Whitelaw, 
Assistant Master in Rugby School; late Fellow of Trinity College^ 
Cambridge. 

Crown 9/vo, 6s, 

ThUCUdidiS Historia. books I. and II. Edited by Charles 
Bigg, D.D., late Senior Student and Tutor of Christ Church, 
Oxford; formerly Principal jof Brighton College, 

Crown SofOi 6s, 

ThueUdidiS HistOria. books hi. and IV. Edited by G. A, 
SiMCOX, M. A., Fellow of Queen^s College, Oxford, 
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Sixth Edition, %vo. 2\s. 

A Copious Phmseo/ogfeal English-Greek Lexicon. 

Founded on a work prepared by J. W. Fradersdorff, Ph.D., late 
Professor of Modem Languages^ QueevCs College^ Belfast. Revised^ 
Enlarged, and Improved by Tkoiaas Kerchever Arnold, M.A., 
and Henry Browne, M. A. 

Third Edition, Crown St/o. 2s, 6d. 

Short Notes on the Greeli Text of the Gospel of 

8t. Murk, By J. Hamblin Smith, M.A., of Gomnlle and 
Coins College, Cambridge, 

Crown 8r<7. 4;. 6d, 

Notes on the Greek Text of the Acts of the 

Apostles^ By J. Hamblin Smith, M. A., of Gomnlle and Caius 
College, Cambridge, 

Crown Svo. 6s, 

Notes on the Gospel According to S. Luke. 

By the Rev. Arthur Carr, M.A., Assistant Mastir at Wellington 
Colltge, late Fellow of Oriel College, Oxford. 

New Edition, 4 vols. Svo. 102s. 

The Greek Testament WUh a CntlcaUy Revised Text ; a 
Digest of Various Readings ; Maiginal References to Verbal and 
Idiomatic Usage; Prolegomena; and a Critical and Exegotical 
Conunentary. For the use of Theological Students and Ministers. 
By Henry Alford, D,D., late Dean of Canterbury^ . 

The Volumes are sold separately, as follows : — 

Vol. I.— THE FOUR GOSPELS. 2&f. 
VoL II.— ACTS TO 2 CORINTHIANS. 24J. 
Vol. III.— GALATIANS to PHILEMON, i&r. 
VoL IV.— HEBREWS to REVELATION. 32^. 

New Edition, 2 vols. Imperial %vo» 60s, 

The Greek Testament. with Notes, introductions, and 
Index. By Chr. Wordsworth, D.D., Bishop of Lincoln, 

The Parts may be had separately, as follows : — 
THE GOSPELS. i6j. 
THE ACTS. &. 
St. PAUL'S EPISTLES. 23J. 
GENERAL EPISTLES, REVELATION, and INDEX, idx. 
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CATENA CLASSICORUM 

Crown 8zv. 

Aristophanis ComoBdiae. By w. c Grssn, m.a. 

THE ACHARNIANS AND THE KNIGHTS. 4*. 
THE WASPS. y.6d. THE CLOUDS. 31.6^. 

Demostlienis Orationes Publicdd. By G. H. h«slop, M.A. 

THE OLYNTHIACS. 2s. 6d. \ ^ . ^^ Vnin«^ ^c M 
THE PHILIPPICS, y. I or, in One Volume, 4A 6^. 

DE FALSA LEGATIONE. 6s. 

Demostlienis Orationes Privatae. de corona. By 

Arthur Holmbs, M.A. 51. 

Herodoti Historia. By H. G. Woods, M.A. 

Book I., 6s, Book IL, 5/. 

Homeri Ilias. By S. H. Reynolds, M.A. 

Books I. -XII. 61. 

Horati Opera. By j. m. Marshall, M.a. 

THE ODES, CARMEN SECULARE, and EPODES. 7*. 6d. 
THE ODES. Books L to IV. separately, is. 6d, each. 

Isocratis Orationes. ad demonicum et panegyricvS. 

By]oa^ Edwin Sandys, M.A. 4?. 6d. 

Juvenalis Satirae. By G. A. Simcox, m.a. 5^. 
Persii Satires. By a. pretor, m.a. y. 6d. 
Sophoclis Tragoediae. By R. c. Jebb, m.a. 

THE ELECTRA. 31. 6d. THE AJAX. jj, 6d. 

Taciti Historise. By W. H. Simcox, M.A. 

Books L and II., 6^. Books HI. IV. and V., dr. 

Terenti ComoadiaB. andria and eunuchus. with 

Introduction on Prosody. By T. L. Papillon, M.A. 41* M 

Or separtsUfy. 
ANDRIA. With Introduction on Prosody* xs. 6ti. 
EUNUCHUS. 3J. 

Thucydidis Historia. books I. and IL By Charles Bigg, 

D.D. dr. 
Books IIL and IV. By G. A. SiMcox, M. A. 6s. 
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DIVINITY 

Small ^o. 3^. 6«/. each. Or each Book in Five Parts^ is, each Part. 

Manuals of Religious Instruction. Edm b, 

John Pilkington Norris, D.D., Archdeacon of Bristol^ Canon 
Residentiary of Bristol Cathedral^ and Examining Chaplain to the 
Bishop of Manchester, 

The Old Testament. | The New Testament. 

The Prayer Book. 

Chmp Edition^ Small Svo, is. 6d. each. 

Keys to Christian Knowledge. ^^'M.Rev.j.H. 

Blunt, D.D., Editor of the ^* Annotated Book of Common Prayer.^* 



The Holy Bible. 
The Book of Common 
Prayer. 



The Church Catechism. 
Church History, Ancient. 
ChurchHlstory, Modern. 



^^ John Pilkington Norris, D.D., Archdeacon of Bristol, 

The Four Grospels. | The Acts of the Apostles. 



\%mo. IS. 6d. 

Easy Lessons Addressed to Candidates for Con- 

firmation, ^ John pilkington Norris, D.D. 
New Edition. Small ^o. is. 6d. 

A Manual of Confirmation, with a Pastoml Letter instruct- 
ing Catechumens how to prepare themselves for their First Com- 
munion. By Edward Meyrick Goulburn, D.D., Dean of 
Norwich, 

i&mOf is. 6d. ; Paper Cavers, is. ; or in Three Parts, dd.-^each. 

The Young Churchman's Companion to the Prayer 

Book, By the Rev. J. W. Gedge, M.A., Diocesan Inspector of 
Schools for the Archdeaconry of Surrey. 

Part I.— MORNING and EVENING PRAYER, and LITANY. 
Part IL—BAPTISMAL and CONFIRMATION SERVICES. 
Part III.— THE HOLY COMMUNION. 

Crown $z/o, p. 6d. 

Some Helps for School Life, sermons preached at Clifton 
College, 1862-1879. By J. Percival, M.A., LL.D., President 
of Trinity College, Oxford, and late Head Master of Clifton College. 
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Ntw Edition, Smsii&tkf, y. 6d. 

Household Theology, a Handbook of Religious Infonnation 
respecting the Holy Bible, the Pra^fer Book, the Church, the- 
Ministry, Divioe Wozthip, the Creeds, &c &c. Bjf tki'Rew. John 
Henry Blunt, D.D., F.S.A., Edkar of The Annatatid Book of 
Common Prayer*^ 6fc, &*c, 

S^ond Edition^ Revised, Crown Ssv. Is, 6d, 

Rudiments of Theology, a Fint Book for students. By 

John Pilkington Norris, D.D., Archdeacon of Bristol^ Ca$um 
Residentiary cf Bristol CathidrcU, <md Examining- Chaplain to the 
Bishop of Manchester, 

Second Edition, \%mo, is, 6d, 

The Way of Life. a Book of Pmyers and Instruction for the 
Young at School. With a Prepaiation for Holy Communion. 
Compiled by a Priest, Edited by the Rev. T. T. Carter, M.A. 

i^to. 2s, 6d, 

A Plain Exposition of the Thirty-nine Articles of 

• the Church of England, For the use of Schools. By the 
Rev. William Baker, D.D., Head Master of Merchant Taylors^ 
School^ and Prebendary of St, PauPs, 

Crown i6mo. Cloth limp, is, 6d. 

A Manual of Devotion, chiefly for the Use of 

Schoolboys. By William Baker, D. D. , Head Master of Mer- 
chant Taylor^ School, fVith Preface by], R. WOODPORD, D.D., 
Lord Bishop of Ely, 

Small %fVo, \s. 

Church Principles on the Basis of the Church 

Cutechism. For the use of Teachers and the more Advanced 
Classes in Sunday and other Schools. -^ John Macbeth, LL.D., 
Rector of KUlegney^ one of the Examiners under the Board of 
Religious Education of the General Synod of the Church of Ireland, 

Crown ^o. is. Cloth limp, is, 6d. 

Study of the Church Catechism. Adapted for use as a 

Class Book. By C. J. Sherwill Dawe, M.A., Lecturer and 
Assistant Chaplain at St. Mar^s College, Chelsea. 
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GERMAN 

Nov jEdiHon, Reuised. /^. y, 6d. 

A German Accidence for the Use of Schools. By 

J. W. J. Vecqueray, Assistant Master at Rugby School, 

Crown Sivo. 2s, 

First German Exercises, Adapted to Vecqueray's "German 
AccidcDce for the Use of Schools." By £. F. Grenfell, M.A., 
tate Assistant Master at Rugby School. 

Crown 9fuo, 2s. 6d, 

German Exercises, Part II. with Hints for the Translation 

of English Prq>ositions Into German. Adapted to Vecqueray's 
"German Accidence for the Use of Schools." By £. F. Grenfell, 
M. A., late Assistant Master at Rugby School, 

Crown 9f!/o. 4f . 6d. 

Selections from Hauff's Stones, a First German 

Reading Book. Edited by W. £. M ullins, M. A. , Assistant Master 
at Marlborough CoU^, andY, Store, 'B.K.^Chief Master of Modem 
Subjects in Merchant Taylor i School, 

Also^ separately, crown &uo, 2s, 

Kallf Stork and The Phantom Crew. 

Eighth Edition, i2mo, Ss. 6d, 

The First German Book. By t. k. Arnold, m.a., and 

J, W. Fradersdorff, Ph.D. Key, 2s. 6d, 

Second Edition, Crown 9^o, 2s, 6d, 

LeSSing'S Fables. Arranged in order of difficulty. A First 
German Reading Book. By F. Storr, B.A., • Chtrf Master of 
Modem Subjects in Merchant Tayhr^ School^ and late Assistant 
Master in Marlborough College. 

Crown Sivo. *]s. 6d, 

Goethe's Faust, part L Text, with English Notes, Essays, and 
Verse Translations. By E. J. Turner, M.A., and E. D. A. 
MORSHEAD, M.A., Assistant Masters at Winchester College, 



WATERLOO PLACE, LONDON. 



34 MESSXS. RIVINGTON'S 



FRENCH 

New Edition. Small $vo. 2s, 

A Graduated French Reader wuh an introduction on 

the Pronunciation of Consonants and the Connection of Final 
Letters, a Vocabuhuy, and Notes, and a Table of Irrc^^nlar Verbs 
with the Latin Infinitives. By Paul Barbisr, one of the Modem 
Language Mcuters at the Manchester Grammar School, 

Crown 9/vo, 

The Campaigns of Napoleon. The Text an French) from 

M. Thikk^ "J/istoire de la Rholution Franfaise,** and '' Histoire 
du Consulat et de VEmpireJ' Edited, with English Notes and 
Maps, for the use of Schools, by Edward £. BowsN, M.A., 
Master of the Modem Side, Harrow School. 

ARCOLA. 4r. 6d. MARENGO. 4r. 6d. 

JENA y.6d. WATERLOO, dr. 

New Editions, Crown 2ivo. y. 6d. each. 

Selections from Modern French Authors. Edited, 

with English Notes and Introductory Notice, dy Henri Van Laun, 
Translator of Taine's History of English Literature. 

HONORS DE BALZAC. H. A. TAINE. 

Small 9fuo, 2s, 

La Fontaine* s Fables, books l and il Edited, with 

English Notes at the end, iy Rev. P. Bowden- Smith, M.A., 
Assistant Master at Rugby School. 

Sixth Edition. i2mo. 5^. 6d. 

■ 

The First French Book. By t. k. Arnold, m.a 

Key, 2s. 6d. 
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MISCELLANEOUS 

WUh Maps, Small %fvo, 

A Geography, Physical, Political, and Descriptive. 

For Beginners. By L. B. Lang. EdiUd by the Rev. M. 
Creighton, M.A., late Fellow and Tutor of Merton College^ 
Oxford, 

Vol. I. THE BRITISH EMPIRE. 2s, 6d, 
Past I. Thb British Isles, is. 6d. Part II. The British Possessions, is. 6d. 
Vol. II. THE CONTINENT OF EUROPE. 3^. 
Vol. III. ASIA, AFRICA, AND AMERICA. [In preparation. 

Small ^0, 2s, 6d. each part. 

Modem Geography for the Use of Schools. 

By the Rev. C. E. Moberly, M.A., formerly Scholar of BaUiol 
College^ Oxford, 

Part I. NORTHERN EUROPE. 

Part II. THE MEDITERRANEAN & ITS PENINSULAS. 

Crown $vo, y, 6d. 

At Home and Abroad ; or, First Lessons in 

Geography. Byj, k. Laughton, m.a., F.R.A.S., f.r.g.s., 

Mathematical Instructor and Lecturer at the Royal Naval College, 
Second Edition, Crown %vo, 2s, 6d, 

The Chorister's Guide. By w. a. barrett, mus. bec. 

Oxon., Vicar Choral of St. Paul's Cathedral, Author of '* Flowers 
and Festivals,** tSr-v. 

Crown %vo, 2s. 6d, 

An Introduction to Form and Instrumentation. 

For the use of Beginners in Composition. By W. A. Barrett, 
Mus. Bac. Oxon., Vicar Choral of St. PauTs Cathedral. 

Sixth Edition. i2mo, *js. 6d. 

The First Hebrew Book. By t. k. Arnold, m.a. 

Key, 3^. 6d, 
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BOOKS 

SUITABLE FOR SCHOOL LIBRARIES OR PRIZES. 

IVith numerous lUustrations* Crown Svo. Ss. 

Sacred Allegories. The Shadow of the Cross— The Distant 
Hills— The Old Man*s Home— The King*s Messengers, ^y the 
Rev. William Adams, M.A., late Fellow of Merton College, 
Oxford. 

The Four Allegories may be had separately, with Illustrations. 
i6mo. IX. each. 

Also a Presentation Edition, with numerous Illustrations. Crown 
4to. I2J. dd. 

Crown Svo. y. 6d. 

Edwy the Fair; or, The First Chronicle of -ffiscen- 

dune. A Tale of the Days of Saint Dunstan. By the Rev. A. D. 
Crake, B.A. 

Crown Svo. y. 6c/. 

Alfgar the Dane; or, The Second Chronicle of ^s- 

cendune. By the Rev. A. D. Crake, B.A. 

Crown Svo, 3^. 6d. 

The Rival Heirs ; or, The Third and Last Chronicle 

of .^scendune. By the Rev. A. D. Crake, B.A. 

Crown Svo. Sj. 

Allegories and Tales. By the Rev. w. e. Heygate, m.a.. 

Rector of Brighstone, 

With numerous Illustrations . Crown Svo. Js. 6d. 

Stones of the Temple ; or, Lessons from the Fabric 

and Furniture of the Church. By Walter Field, M.A., 
F.S.A., late Vicar of Godnursham, 

With Illustraftons* Royal i6mo. y. 6d. 

Stories from English History. By Louise creighton, 

aut/ior of "A First History of England," "Life of the Black 
Prince," &c. 

Crown Svo. Ss. 6d. 
Sophocles. Translated into English Verse. By Robert Whitelaw, 
Assistant Master in Rugby School; late Fellow of Trinity College, 
Cambridge. 
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BY 7. HA MB LIN SMITH. 

Elementary Algebra, small ^o, y, lVUh4mi Answers, 2s, 6d, 

Key to Elementary Algebra. Crimm %vo, ^. 
Exercises on Algebra. Small ^o, 2s. 6d, 
Arithmetic. Small ^o, s^. 6d. 
Key to Arithmetic. Crmvn ^o. 9s, 
Elements of Geometry, smaii 8w, y. 6d. 

Books L and II., limp cloth, price is. 6d,, may be had separately. 

Key to Elements of Geometry. Crown Svo. 8j. ea. 

Trigonometry. Smaii Svo, 4^. 6d. 

Key to Trigonometry, crawn 8m js, 6d. 

Elementary Statics, smaii ^0, ss. 

Elementary Hydrostatics, small ^0, p. 

Key to Elementary Statics and Hydrostatics. cr(yum 

Svo, 6s» 

Book of Enunciations for Hamblin Smith's Geometry, Al- 
gebra, Trigonometry, Statics, and Hydrostatics. Small ^0, is. 

An Introduction to the Study of Heat. Small ^o, y, 

Latin Grammar, crawn ^o, y. 6d, 

Exercises on the Elementary Principles of Latin 

Prose Composition. Crown sivo, y. 6d. 

Key to Exercises on Latin Prose Composition. 

Crown Svo, ^s. 

An Elementary Greek Grammar. Crtmm ^0, 41. 6^ 

The Rudiments of English Grammar and Compo- 
sition. Crown Svo, 2s, 6d, 

Notes on the Greek Text of the Acts of the Apostles. 

Crown SzWf 4s, 6d, 

Notes on the Greek Text of the Gospel of St. Mark. 

Crown Svo, 2s, 6d, 
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BY ARTHUR SIDGWICK. 

An Introduction to Greek Prose Composition. 

A First Greek Writer, crwm %»o. y. 6d. a Key. 5^. 
Cicero de Amicitia. smaa ftw. 2s, 

Homer's Iliad. Small 9>vo. books I. and II. 2s, 6d. BOOK 
XXL IS. 6d. BOOK XXII. u. 6d. 

Scenes from Greek Plays. SmaU Snw, each u, 6d. 

ARISTOPHANES : The Clonds, The Fiog% The Knights, Phttns. 

EURIPIDES : IphigenU in Taoris, The Cydopa, Ion, Electra, 
Alcestis, Baochae, Hecuba. 

BY GEORGE L. BENNETT. 

First Latin Writer. Ctvum ^w. y.6d. A Key. 51. 

First Latin Exercises, ctvum 9fvo. 2s. 6d. 

First Latin Accidence. Cnntm %vo. is. 6d. 

Second Latin Writer. Crawn ^vo. ss.6d. A Key. 5/, 

Easy Latin Stories for Beginners, with Notes and Voca- 
bulary. Crown Sivo. 2s, 6d. A Key. $s. 

Second Latin Reading Book. Crown ^0. 2s. 6d. 

A Key. 51. 

Selections f^om Caesar. The Gallic War. SmaiiBvo. 2s. 
Selections from Vergil, smaii $vo. u. 6d. 

BY R. W. TAYLOR. 

Xenophon'S Anabasis. Crmvn ^0. Books L and 11., y. 6d.; 
III. and IV., 3^. 6d. Also separately, Book I., 2s, 6d, II., 2s. 

Xenophon'S Agesilaus. Crawn ^jo. 2s. &/. 

A Short Greek Syntax. Cr<nm ^o. gd. 

Stories from Ovid in Elegiac Verse. Crotm ^o, y. ed. 

Stories from Ovid in Hexameter Verse, metamor- 
phoses. Crown 2afo. 2s. 6d. 

Scott's Lady of the Lake. Forming a Volume of the «* English 
School Classics." Small 8/vo, 2s. ; ortn Three Farts, each gd. 
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